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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an apparatus and process for dispensing and printing reagent fluids, 
wherein a transducer is used to propel small quantities of the fluid towards a positioned target. 

Diagnostic assays often require systems for metering, dispensing and printing reagent fluids. In the 
case of metering and dispensing, such systems comprise both manual and automatic means. For purposes 
of practicality, the present background discussion will focus on the methods of metering and dispensing 100 
10 micro-liter volumes or less. 

The manual systems of metering and dispensing include the glass capillary pipet; the micro-pipet- the 
precision syringe; and weighing instruments. The glass capillary pipet is formed from a precision bore glass 
capillary tube. The pipet typically comprises a fire blown bulb and a tubular portion fire drawn to a fine 
point. Fluid is precisely metered by aspirating liquid through the tube into the bulb to a predetermined level 
75 indicated by an etched mark. The fluid may then be dispensed by blowing air through the tube. 

The micro-pipet typically comprises a cylinder and a spring loaded piston. The travel of the piston is 
precisely determined by a threaded stop. The distance the piston travels within the cylinder and the 
diameter of the cylinder define a precise volume. The fluid is aspirated into and dispensed from the micro- 
pipet in precise quantities by movement of the piston within the cylinder. 
20 The precision syringe generally comprises a precisely manufactured plunger and cylinder with ac- 
curately positioned metering marks. The fluid is introduced into and dispensed from the syringe by 
movement of the plunger between the marks. 

Weighing techniques for dispensing fluids often simply involve weighing a quantity of fluid. The density 
of the fluid may then be used to determine the fluid volume. 

Exemplary automatic metering and dispensing systems include the precision syringe pump; the 
peristaltic pump; and the high performance liquid chromatography (HPLC) metering valve. The precision 
syringe pump generally comprises a precision ground piston located within a precision bore cylinder. The 
piston is moved within the cylinder in precise increments by a stepping motor. 

The peristaltic pump comprises an elastomeric tube which is sequentially pinched by a series of rollers 
Often the tube is placed inside a semi-circular channel and the rollers mounted on the outer edge of a disc 
driven by a stepping motor. The movement of the rollers against the tubing produces peristaltic movement 
of the fluid. 

The HPLC metering valve comprises a defined length of precision inner diameter tubing. The fluid is 
introduced into the define volume of the tubing with the valve in a first position and then dispensed from the 
35 tubing when the valve is placed in a second position. 

All of the above metering and dispensing systems have the disadvantage that the volumes dispensed 
are relatively large. Furthermore, these systems are also relatively slow, inefficient and comprise precision 
fitted components which are particularly susceptible to wear. 

The printing of reagent fluids is frequently required in the manufacture of chemical assay test strips 
Selected reagents are printed in a desired configuration on strips of filter paper. The strips may then be 
used as a disposable diagnostic tool to determine the presence or absence of a variety of chemical 
components. 

Generally, to perform a chemical assay with a test strip, the strip is exposed to a fluid or a series of 
fluids to be tested, such as blood, serum or urine. In some instances, the strip is rinsed and processed with 
additional reagents prior to being interpreted. The precise interpretation depends on the type of chemical 
reactions involved, but it may be as simple as visually inspecting the test strip for a particular color change 
The manufacture of test strips generally involves either a manufacturing process or a blotting process 
The blotting process is the simplest manufacturing method and permits most reagents to be applied without 
modification. A disadvantage of this process is that it is difficult to blot the fluids onto the test strip with 
so precision. 

The printing process will often involve any of three well known methods: silk screening; gravure- and 
transfer printing. The silk screening of reagents generally involves producing a screen by photographic 
methods in the desired configuration for each reagent to be printed. The screen is exposed under light to a 
preselected pattern and then developed. The areas of the screen which are not exposed to light when 
developed, become porous. However, the areas of the screen which have been exposed to light remain 
relatively nonporous. The screen is then secured in a frame and the test strip placed below. The desired 
reagent fluid, specially prepared to have a high viscosity, is spread over the top side of the screen The 
reagent passes through the porous areas of the screen and onto the test strip. The test strip is then 
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subjected to a drying process, specific to each reagent. Once the test strip is dry, it may be printed again 
using a different screen, pattern and reagent. 

The gravure method of printing reagents comprises coating a metal surface with a light sensitive 
polymer. The polymer is exposed to light in the desired predetermined pattern. When developed, the 
5 polymer creates hydrophilic and hydrophobic regions. The reagent is specially prepared such that when 
applied to the metal it will adhere only to the hydrophilic regions. After the specially prepared reagent is 
applied, the test strip is pressed against the metal and the reagent is transferred from the metal to the test 
strip. 

The transfer printing method comprises transferring the reagents from a die to the test strip in the 
w desired pattern. The die is made with the appropriate pattern on its surface and then coated with the 
desired, specially prepared reagent. A rubber stamp mechanism is pressed against the die to transfer the 
reagent in the desired pattern from the die to the rubber stamp. The rubber stamp is then pressed against 
the test strip to transfer the reagent, in the same pattern, to the test strip. 

Each of the above-mentioned reagent printing techniques has significant disadvantages. The most 
is common disadvantage is the requirement that the reagents must be specially prepared. Additionally, if a 
variety of reagents are to be printed onto a single test strip, the strip must be carefully aligned prior to each 
printing. This alignment procedure increases the cost and decreases the throughput of the printing process. 
Moreover, a special die or screen must be produced for each pattern to be printed. A further disadvantage 
arises in that the above printing methods are unable to place reproduceable minute quantities of reagent on 
20 the test strip. 

A microdroplet dispersing device useful in biochemical applications including the features recited in the 
preamble of claim 1 is known from EP-A-1 19 573. 

An ink printer device with the ability of printing gray shades is known from US-A-3 857 049. Shading is 
performed by varying the amount jetted ink. 
25 It is an object of the present invention to provide a printing and dispensing method and apparatus which 
avoids these disadvantages. 



SUMMARY OF THE PRESENT INVENTION 

30 The present invention is directed to a reagent dispensing and printing apparatus and method, as 
defined in the accompanying claims. 

According to one preferred embodiment of the present invention used in dispensing reagent fluids, a 
jetting tube is concentrically located within a piezo-electric transducer. The jetting tube comprises an orifice 
at one end and a reagent receiving aperture at the other end. The receiving end of the jetting tube is 

35 connected to a filter which is in turn connected to a reservoir containing a selected reagent. A jetting control 
unit supplies an electrical pulse of short duration to the transducer in response to a command issued by a 
computer. The electrical pulse causes the volume defined by the jetting tube to expand by an amount 
sufficient to intake a small quantity of reagent fluid from the reservoir. At the end of the pulse duration, the 
transducer de-expands propelling a small quantity of the reagent fluid through the orifice and into a fluid 

40 recepticle. If desired, additional droplets may be deposited in the recepticle or the recepticle aligned with an 
additional jetting tube for receiving an additional reagent fluid. 

An additional preferred embodiment of the present invention may be used for printing reagent fluids 
onto a print medium. In this embodiment, the jetting tube is aligned with the printing medium such that the 
propelled droplet impacts a precise position on the medium. The jetting tube or print medium may then be 

45 repositioned and another droplet expelled from the jetting tube. The process may be repeated until a 
desired configuration of the reagent fluid is printed on the medium. 

One advantage of the present invention is that precise minute quantities of reagent fluid may be 
dispensed or printed in a reproducible manner. Additionally, the method and apparatus may be used to 
emit droplets of fluids having a wide range of reagent fluid viscosities and surface tensions. The reagents 

so do not in general have to be specially adapted for use with the present invention. 

The invention itself, together with further objects and attendant advantages, will best be understood by 
reference to the following detailed description, taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

FIGURE 1 is a schematic representation of a first preferred embodiment of the present invention 
showing the use of multiple jetting heads to meter and dispense reagent fluid. 
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FIGURE 2a is a perspective view of a first preferred embodiment of the jetting head of the present 
invention. 

FIGURE 2b is a cut-away perspective view of the preferred embodiment of Fig. 2a taken along lines 2b- 
2b with the contact pins removed. 
5 FIGURE 2c is a sectional representation of the preferred embodiment of Fig. 2a taken along lines 2c-2c. 
FIGURE 2d is a sectional representation of the preferred embodiment of Fig. 2c taken along lines 2d- 

2d. 

FIGURE 2e is a sectional representation of the jetting tube and transducer of the preferred embodiment 
of Fig. 2b taken along lines 2e-2e. 
/o FIGURE 3 is a schematic representation of a second preferred embodiment operating in the drop on 
demand mode as a reagent printing system. 

FIGURE 4 is a schematic representation of a third preferred embodiment operating in the continuous 
mode as a reagent printing system. 

FIGURE 5a is a schematic representation of a portion of the jetting head control unit showing the LED 
75 strobe circuit. 

FIGURE 5b is a schematic representation of a portion of the jetting head control unit showing the high 
voltage power supply circuit. 

FIGURE 5c is a schematic representation of a portion of the jetting head control unit showing the print 
control circuit. 

20 FIGURE 5d is a schematic representation of a portion of the jetting head control unit showing a portion 
of the print pulse generator. 

FIGURE 5e is a schematic representation of a portion of the jetting head control unit showing an 
additional portion of the pulse generator. 

FIGURE 6a is a perspective view of a second preferred embodiment of the jetting head of the present 
25 invention. 

FIGURE 6b is an exploded view of the preferred embodiment of Fig. 6a. 

FIGURE 7 is a sectional representation of a third preferred embodiment of the jetting head of the 
present invention. 

FIGURE 8 is a sectional view of a symmetrical portion of a fourth preferred embodiment of the jetting 
30 head of the present invention. 

FIGURE 9 is a graph of the drop mass of the emitted droplets as a function of emission frequency for 
several fluid viscosities. 

FIGURE 10 is a graph of the velocity of the emitted droplets as a function of frequency for several fluid 
viscosities. 

35 FIGURE 1 1 is a graph of the total weight of fluid emitted as a function of the number of emitted droplets 
for a given fluid. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

AO Turning now to the drawings, Fig. 1 shows a schematic representation of a first preferred embodiment 
of a reagent dispensing system generally represented as reference numeral 30. The dispensing system 30 
comprises a plurality of reagent fluid reservoirs 200, a plurality of filters 300, a plurality of reagent jetting 
heads 400, a plurality of jetting head control units 500, an interface unit 600, a computer 700, transportation 
unit 902, a plurality of fluid mixing cells 904 and a detection station 906. 

45 The reservoir 200 holds a selected quantity of reagent fluid for dispensing. The reservoir 200 is 
maintained at atmospheric pressure by suitable means such as an atmospheric vent. The reagent fluid is 
transferred from the reservoir 200 through the filter 300 to the reagent jetting head 400. The filter 300 is 
placed between the reservoir 200 and the jetting head 400 to ensure that any particular foreign matter in the 
reagent fluid is trapped before entering the jetting head 400. 

50 The plurality of jetting heads 400 and the detection station 906 define a processing path. Each jetting 
head 400, which is described in detail below, ejects uniformly sized droplets 2 of reagent fluid. The droplets 
2 are propelled, with controlled velocity and direction, towards a selecting mixing cell 904 positioned along 
the processing path by the transportation unit 902. The mixing cells 904 are comprised of non-reactive 
material and function as minute holding tanks for the dispensed reagent fluid. 

is The plurality of jetting heads 400, shown in Fig. 1, are positioned sequentially along the processing 
path. Alternately, some or all of the plurality of jetting heads 400 may be positioned with respect to the 
transportation unit 902 such that the heads 400 direct the droplets 2 into a selected mixing cell 904 
simultaneously. 
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The jetting heads 400 and the transportation unit 902 are controlled by the computer 700. The 
computer 700 issues commands to an interface unit 600 which is electrically connected to the transportation 
unit 902 and to the jetting head control unit 500. The interface unit 600 is of conventional design and is 
used to control the transfer of information between the computer 700 and the jetting control unit 500. The 
5 interface unit 600 is also used to control the transfer of information between the computer 700 and the 
transportation unit 902. 

A first embodiment of the reagent jetting head is shown in Figs. 2a - 2e and generally represented by 
numeral 400. The jetting head 400 comprises a two piece symmetrical housing 402, 404. The housing 402, 
404, when assembled, is adapted to form an orifice aperture 406, an air vent and reagent supply channel 
w 410 and a transducer chamber 403, shown in Fig. 4b. Four screws 408, adapted to respective housing 
screw apertures 416, hold the housing 402, 404 in an assembled configuration. 

The jetting head 400 further comprises a jetting tube 432, a piezo-electric transducer 434 and a reagent 
fluid supply tube 430. The jetting tube 432 defines a tapered orifice 433 at one end and a fluid receiving 
aperture 431 at the other end for expelling and receiving fluid, respectively. The piezo-electric transducer 
75 434 is cylindrical^ shaped and secured concentrically about the mid-region of the jetting tube 432 with 
epoxy or other suitable means. 

The piezo-electric transducer 434, shown in Fig. 2e, defines a first and second end and comprises a 
section of cylindrical^ shaped piezeo-electric material 435. An" inner nickel electrode 437 covers the inner 
surface of the cylinder 435. The electrode 437 wraps around the first end of the cylinder 435 a sufficient 
20 distance to enable electrical connection external to the cylinder 435. 

A second nickel electrode 436 covers the majority of the outer surface of the cylinder 435. The second 
electrode is electrically isolated from the first electrode 437 by an air gap at the face of the second end of 
the cylinder 435 and by an air gap on the outer surface of the cylinder 435 near the first end. When an 
electrical pulse is applied to the first and second electrodes 437, 436 a voltage potential is developed 
25 radially across the transducer material 435. The voltage potential causes the radial dimensions of the 
transducer 435 to change, which causes the volume defined by the transducer 434 to also change. 

The jetting tube 432 is positioned in the transducer chamber 403 such that the receiving end 431 
extends beyond the rearward end of the transducer 434. The receiving end 431 of the jetting tube 432 is 
inserted into one end of a reagent supply tube 430. The supply tube 430 is sealingly held to the jetting tube 
30 432 by concentric teeth 412 formed by the housing sections 402, 404. The teeth 412 not only seal the 
supply tube 430 to the jetting tube 432, but, also, seal the supply tube 430 to the housing 402, 404. 

The second end of the supply type 430 passes through the channel 410 and into a reagent reservoir 
200. The reservoir 200 contains the reagent fluid to be dispensed by the jetting head 400. As the reagent 
fluid is dispensed, air is supplied to the reservoir 200 through the channel 410 to prevent the creation of a 
35 vacuum in the reservoir 200. The reservoir 200 is releasably attached to the housing 402, 404 and held in 
place by frictional forces. A reservoir cap 202 is flexibly attached to the reservoir 200 and adapted such that 
the cap 202 may be used to secure the opening in the reservoir 200 when the reservoir 200 is disengaged 
from the housing 402, 404. 

The position of the jetting tube 432 defines the horizontal plane of the jetting head 400. The jetting tube 
40 432 and the transducer 434 are held in a pre-defined vertical relationship with respect to the housing 402, 
404 by means of two upper vertical alignment pins 418 and two lower vertical alignment pins 418. The two 
upper vertical alignment pins 418 extend horizontally from the housing section 402 into the transducer 
chamber 403. Similarly, the two lower vertical alignment pins 418 extend horizontally from the housing 
section 404 into the transducer chamber 403. Each vertical alignment pin 418 is formed integrally with the 
45 respective housing sections 402, 404. 

The jetting tube 432 and the transducer 434 are held in a predefined horizontal relationship with respect 
to the housing 402, 404 by means of four horizontal alignment pins 424. Two of the horizontal alignment 
pins 424 extend horizontally from the housing section 402 approximately midway into the transducer 
chamber 403. Similarly, two of the horizontal alignment pins 424 extend horizontally from the housing 
so section 404 approximately midway into the transducing chamber 403. Each horizontal alignment pin 424 is 
formed integrally with the respective housing section 402, 404. The alignment pins 418, 424, sealing teeth 
412 and orifice aperture 406 are aligned and adapted to hold the jetting tube 432 and transducer 434 such 
that the orifice 433 of the jetting tube 432 extends into the orifice aperture 406. 

An electrical transducer activation pulse is supplied to the piezo-electric transducer 434 from the jetting 
55 head control unit 500 by means of two contact pins 422. A quantity of fluid will be dispensed from the 
jetting tube for each applied activation pulse. The activation pulse can be produced by a variety of 
conventional circuits or commercially available units. Therefore a detailed description of such a circuit will 
not be provided. However, a circuit for producing a series of activation pulses is provided in the description 
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of the printing embodiment below. Due to the differing constraints involved in dispensing and printing, the 
circuit in the printing embodiment is not required to produce only a single pulse. However, one skilled in the 
art could, if desired, modify the circuit to produce a single pulse on demand for use in the dispensing 
embodiment. 

5 Each contact pin 422 defines an enlarged head 423 which is adapted to contact the respective first and 
second electrodes 437, 436 located on the outer surface of the transducer 434. Two contact pin holders 
414, integral with the housing 402, 404, are positioned to hold the respective contact pins 422 under the pin 
heads 423 such that each pin head 423 electrically engages the appropriate electrode 437, 436 of the 
transducer 434. Two contact pin engaging posts 420 extend from the housing 402, 404 opposite the contact 
io pin holders 414 to engage and hold the contact pins 422 against the contact pin holders 414. The ends of 
the contact pins 422 opposite the pin heads 423 extend through the housing 402, 404 by means of contact 
pin apertures 421. Since the housing sections 402, 404 are formed symmetrically to one another, the 
contact pins 422 may be optionally attached above the transducer 434. 

In operation, the reservoir 200 containing reagent fluid is fastened to the jetting head 400 such that the 
15 fluid supply tube 430 extends into the reagent fluid. The filter 300 may be fitted to the free end of the 
supply tube 430 or positioned inside the reservoir 200. Air is supplied through the channel 410 around the 
supply tube 430 to prevent the reservoir 200 from falling below atmospheric pressure. The air is prevented 
from entering around the supply tube 430 and into the transducer chamber 403 by the seal created 
between the sealing teeth 412 and the supply tube 430. The jetting tube 432 may be primed by slightly 
20 pressurizing the reservoir 200 to cause the reagent fluid to travel through the supply tube 430 and into the 
jetting tube 432. Once primed, the fluid is prevented from substantially withdrawing from the jetting tube 
432 by the surface tension of the reagent fluid at the orifice 433. 

The transducer activation pulse is conducted to the contact pins 422 of the jetting head 400. The 
contact pins 422 communicate the high voltage pulse to the electrodes 437, 436 of the transducer 434 with 
25 polarity such that the concentrically mounted transducer 434 expands. The rate of expansion is controlled 
by the rise time of the high voltage pulse which is preset to generate a rapid expansion. The expansion of 
the transducer 434 causes the jetting tube 432, which is epoxied to the transducer 434, to also expand. The 
expansion of the tube 432 generates an acoustic expansion wave interior to the tube 432 which travels 
axially towards the orifice 433 and towards the fluid receiving aperture 431. When the expansion wave 
30 reaches the orifice 433, the reagent fluid is partially drawn inwardly. However, the surface tension of the 
fluid acts to inhibit substantial inward fluid movement. 

When the expansion wave reaches the end 431 of the tube 432, the expansion wave is reflected and 
becomes a compression wave which travels towards the center of the piezo-electric tube 434. The high 
voltage pulse width is adapted such that when the reflected compression wave is beneath the piezo-electric 
35 tube 434, the high voltage pulse falls, resulting in a de-expansion of the transducer 434 and the jetting tube 
432. This action adds to the existing acoustic compression wave in the interior of the jetting tube 432. The 
enhanced compression wave travels toward the orifice causing reagent fluid to be dispensed from the tube 
432. The fluid is propelled from the orifice 433 as a small droplet 2 and deposited in the selected mixing 
cell 904 positioned by the transportation unit 902. One droplet 2 is dispensed for each transducer activation 
40 pulse. This mode of dispensing is referred to as the drop on demand mode. 

In some instances, the droplet 2 may be accompanied by at least one smaller satelite droplet. However, 
even if satelite droplets are present, the volume and velocity of the reagent droplets 2 are highly 
reproduceable. This reproduceability allows for precise dispensing of uniform, controllably sized droplets 2 
of reagent fluid into the mixing cell 904. 
45 The droplets 2 of reagents impact the mixing cell 904 with sufficient force and volume to cause fluidic 
mixing of the reagents. Once the desired amounts of the selected reagents are deposited in the selected 
mixing cell 904, mixing cell 904 is transported to the detection station 906 where the mixed reagents may 
be extracted for use or analyzed for assay results. 

The dispensing system 30 provides numerous advantages based upon the ability of the reagent jetting 
so head 400 to rapidly and reproduceably eject uniform quantities of a wide range of reagents. The reaction 
times of some chemical processes are dependent upon the volume of the reagents used. The ability of the 
dispensing system 30 to dispense such minute amounts of reagents thereby reduces the processing time 
of certain chemical assays. Furthermore, some chemical assays require a wide range of dilution ratios. 
Many conventional dispensing systems are unable to dispense the reagents in volume small enough to 
55 make the desired assay practical. The dispensing system of the present invention overcomes this 
disadvantage. 

In addition to dispensing reagent fluids, certain embodiments may be used for precision printing of 
reagents onto a printing medium such as filter paper to produce an assay test strip. A printing system 10 
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using the present invention is represented in Fig. 3. Structure similar in form and function to structure 
described above will be designated by like reference numerals. The printing system 10 comprises a 
reagent fluid reservoir 200, a filter 300, a reagent jetting head 400, a jetting head control unit 500, an 
interface 600, a computer 700, and an x-y plotter 800. 
5 The x-y plotter 800 is a commercially available pen plotter, mechanically modified in a conventional 
manner such that the pen is replaced with the jetting head 400. The general operation and structure of the 
plotter 800 will not be described in detail. The plotter 800 accepts commands from the computer 700 thru a 
standard RS-232 serial interface contained within the interface unit 600. The plotter 800 processes the 
commands and produces control signals to drive an x-axis motor (not shown) and a y-axis motor (not 
10 shown). The x-axis motor is used to position the jetting head 400 and the y-axis motor is used to position a 
drum (not shown) to* which the printing target 1 is attached. 

The plotter 800 produces a pen down signal PENDN. This signal is applied to the control unit 500 and 
indicates that the plotter 800 is ready to begin a printing operation. 

The control unit 500 also receives control signals from the interface unit 600. These signals include 
75 signals HIGHER*, LOWER* to control the magnitude of the pulse applied to the transducer 434; a reset 
signal RST to reset the control unit 500; and a series of print signals PRT*. The generation of these signals 
will not be described in detail since their production is performed by the conventional interface unit 600. 

The jetting head 400 and fluid supply system 200, 300 are initialized and operate substantially as 
described above. The jetting head control unit 500, shown in Figs. 5a - 5e comprises a print control circuit 
20 510, a pulse generator 530, a high voltage supply 540, and a strobe pulse generator 560. The control unit 
500 also comprises a power supply. However, since the power supply is of conventional design it will not 
be shown or described in detail. 

The print control circuit 510 receives the pen down signal PENDN from the plotter 800 and comprises a 
transistor Q100, a one-shot circuit U100, two NAND-gates U101, U102, a line decoder multiplexer U107 and 
25 four inverters U103-U106. The pen down signal PENDN is applied to the base of the transistor Q100 by 
resistors R100. R101 and diode D100. The emitter of transistor Q100 is tied to ground and the collector is 
connected to the +5 volt supply by resistor R102. 

The one-shot U100 comprises inputs A, B and an output Q. The B input of the one-shot U100 is 
connected to the collector of the transistor Q100 and the A input is tied to ground. The time period of the 
30 pulse produced by the one-shot U100 is determined by a resistor R104, a variable resistor R105 and a 
capacitor C100. The output Q of the one-shot U100 is combined with the collector output of the transistor 
Q100 by the NAND-gate U101 and then inverted by the NAND-gate U102. The circuit is operative to 
produce an adjustable delay in the application of the pen down signal PENDN to the control unit 500. 

The line decoder U107 is circuited to function as a 3 input AND-gate. The output of the NAND-gate 
35 U102 is applied to the first input of the decoder U107; the print signal line PRT* comprising a series of 
pulses from the interface unit 600 is applied to the second input; and a jetting head ON/OFF signal from 
switch S1 is applied to the third input. The inverter U106 inverts the output of the line decoder U107 to 
generate the print control signal PRT* and the inverters U103-U105 invert the control signals LOWER*, 
HIGHER*, and RST signals, respectively. 
40 The high voltage supply 540, shown in Fig. 5b, provides +175 volts DC to produce a maximum pulse 
of +150 volts peak to peak at the reagent jetting head 400. The high voltage supply 540 comprises 
differential amplifier U12 and transistors Q1, Q2 ( Q13, Q14. A stable reference voltage of -2.5 volts DC is 
produced at the junction of a reservoir R13, connected to the -15 volt supply, and a diode CR6, connected 
to ground. The reference voltage is combined with a resistor R14 to produce an adjustable, stable voltage 
45 reference for the amplifer U12. The reference voltage is applied to the inverting input of the amplifier U12 
through a resistor R11. The noninverting input of the amplifier U12 is connected to ground by a resistor 
R12. The amplifier U12, in combination with a feedback resistor R10, produces an output signal proportional 
to the difference of the voltage reference signal and the ground potential. 

The output of the amplifier U12 is applied to the base of the transistor Q2 whose collector is connected 
so to the +15 volt supply. The signal produced at the emitter of the transistor Q2 is applied to the base of the 
transistor Q1 through resistors R8, R6, R5, a transformer L1 and diodes CR4, CR2, CR1. The emitter of the 
transistor Q1 is connected to ground and the collector is connected to the +15 voltage supply through the 
transformer L1. A diode CR3 connects the collector of the transistor Q1 to the junction of the resistor R5 
and the diode CR4. The transistor Q1 is biased for proper operation by resistors R7, R6, R5. The resistor 
55 R7 and a capacitor C22 connect the junction of the resistor R8, R6 to the +15 voltage supply. 

The transistor Q1 and the transformer L1 form a "flyback" blocking oscillator. Any increase in current 
supplied by the transistor Q1 produces an increase in energy transferred through the secondary winding of 
the transformer L1 and diode CR5. Therefore, an increase in current supplied by the transistor Q1 results in 



7 



EP 0 268 237 B1 



an increase in power available to the high voltage output. The diodes CR1-CR4 form a "Baker clamp" which 
prevents transistor Q1 from saturating. The clamp thereby avoids transistor storage time. 

The diode CR5 is connected to a multiple pi filter formed by the inductors L3, L2, capacitors C24, C21 , 
C41 and resistors R29. The multiple pi filter attenuates ripple and switching spikes in the signal supplied to 

5 the transistor Q13 which produces the high voltage output V+ + . A resistor R64 connects the base of the 
transistor Q13 to the emitter and to the resistor U29. The base is also connected to the collector of the 
transistor Q14 by a resistor R65. The base of the transistor Q14 is connected to the +15 volt supply by a 
resistor R67 and to ground by a resistor R66. The emitter of the transistor Q13 provides a signal HV 
SENSE which is fed back to the inverting input of the amplifier U12 through a resistor R9. The high voltage 

io output V + + is produced at the collector of the transistor Q13. The proper biasing of the transistor Q13 is 
provided by resistor R64 and the biasing circuit comprising the transistor Q14, resistors R67, R66, R65. 

The pulse generator 530, shown in Figs. 5d, 5e t comprises an opto-isolator U18, a one-shot U23, a 
digital to analog (D/A) converter U30 and two binary counters U24, U25. The pulse generator 530 accepts 
control signals PRT*. LOWER*, HIGHER*, RST and produces the activation pulse which is applied to the 

75 transducer 434. In normal operation, the PRT* control signal is supplied to the opto-isolator U18 by a jumper 
JMP between contact points E5, E6. The opto-isolator U18 is of conventional design and comprises a light 
emitting diode (LED) circuit and a photo-element circuit. A resistor R15 operates as the load resistor for the 
LED circuit of the isolator and a capacitor C25 suppresses transient noise on the voltage supply to the 
isolator U18. The output of the isolator U18 is applied to one input of the one-shot U23 whose time constant 

20 is adjustably determined by resistors R38. R25 and a capacitor C30. The pulse from the non-inverting 
output of the one-shot U23 is fed to the base of a transistor Q9. A resistor R39 sets the approximate base 
current of the transistor Q9 which is used as a level shifter for converting the CMOS signal level to the +15 
volt DC signal level. 

The control of the rise and fall rates of the pulse generator 530 is accomplished by directing a pair of 
25 current source transistors Q11, Q12 to charge and discharge a capacitor C57. The transistor Q11 is 
operative as a source of current and the transistor Q12 is operative as a sink for current. A transistor Q10 
controls the level of the current by applying an appropriate bias current through a resistor R56 to the base 
of the transistor Q11. The biasing of the transistors Q11, Q12 is critical to the proper rise and fall rates. 
Therefore precision voltage references CR13, CR15 are used to provide respective bias reference voltages. 
30 A temperature compensation network is formed from zener diodes CR14, CR16 and resistors R55, R54 to 
maintain stable operation of the transistors Q11, Q12, respectively. The variable resistors R49, R52 may be 
used to adjust the fail time and rise time, respectively, of the output pulse applied to the reagent jetting 
head 400. A plurality of resistors R45, R46, R47, R48, R49, R51, R52, R53, R56, R57, R58 are used to 
properly bias the transistor Q10, Q11, Q12 and capacitors C55, C60 are circuited to maintain stability of the 
35 circuit. 

The impedance of the output stage of the rise and fall circuitry Q10, Q11, Q12 is very high. With such a 
high impedance, circuit elements attached to the capacitor C57 could affect the linearity of the rise and fall 
time constants. Therefore, an FET input operational amplifier U32 is used as an impedance interface. The 
amplifier U32 is configured in the noninverting mode and circuited with capacitors C58, C59 for stability. 
40 The output of the amplifier U32 is applied to an inverting amplifier U31 by means of a resistor R62. The 
amplifier U31 inverts and conditions the pulse control signal with the aid of resistors R59, R60. Resistors 
R61, R63, connected to the -15 voltage supply, provide a means for adjusting the DC level offset of the 
amplifier U31 output signal. Capacitors C51, C52 are connected to enhance the performance and stability of 
the circuit. 

45 The output of the amplifier U31 is applied by means of a resistor R41 to the positive voltage reference 
signal input REF( + ) of the D/A converter U30. The negative voltage reference signal input REF(-) is tied to 
ground by a resistor R40. The D/A converter U30 produces output signals IOUT, IOUT which are 
proportional to the difference between the positive and negative voltage reference signal inputs REF( + ), 
REF(-). Capacitors C48, C49, C50 are connected to the D/A converter U30 to enhance stability. 

so The D/A converter outputs IOUT, IOUT* are also proportional to an 8-bit binary value applied to inputs 
B1-B8. The binary value is supplied by the counters U24, U25 which are controlled by the function signals 
LOWER*, HIGHER* and RST. The LOWER* signal and the HIGHER* signals are applied to the count up and 
count down inputs CU, CD of the counter U24 by means of opto-isolators U19, U20. The carry and borrow 
outputs CY, BR of the counter U24 are connected with the count up and count down inputs CU, CD of the 

55 counter U25. The reset inputs RST of both counters U24, U25 receive the RST signal by means of an opto- 
isolator U21. Resistors R16, R17, R18 are used as load resistors for the LED circuits of the isolators U19, 
U20, U21 and capacitors C26, C27, C28 are used to enhance the stability of the isolator circuits. 
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The counters U24, U25 may optionally be preloaded to the selected 8-bit binary value through input 
lines TP0-TP7. The input lines TP0-TP7 are normally biased to the logical high signal state by resistive 
network U22. The selected binary value is loaded into the counters U24, U25 by pulling the respective 
inputs TP0-TP7 low and applying an external, active low, load signal EXT LOAD to pin TP8. The load signal 

5 pin TP8 is connected to the load inputs LOAD of the counters U24, U25 and conditioned by a clipping 
circuit comprised of diodes CR9, CR10 and a pull-up resistor of the resistor network U22. 

The noninverted and the inverted outputs IOUT, IOUT* are connected to the inverting and non-inverting 
inputs of a differential amplifier U29. The output of the amplifier U29 is fed back to the inverting input by a 
resistor R50. The amplifier U29 converts the current output of the D/A converter U30 to a voltage output. 

w Capacitors C56, C47 are provided to enhance circuit stability. 

The output of the amplifier U29 is applied to the noninverting input of the amplifier U28. The output of 
the amplifier U28 is fed back to the inverting input by means of a capacitor C46 and a resistor R37. The 
inverting input is also connected to ground by a resistor R36. To enhance the frequency response of the 
amplifier U28, a resistor R43 and a capacitor C54 are connected between the frequency compensation input 

75 FC and ground. An adjustable DC offset is provided by connecting the output offset inputs OF, OF with a 
variable resistor R42. The wiper of the resistor R42 is connected to the high voltage power supply output 
V++. 

The output of the amplifier U28 is also connected to the base of a transistor Q4 and through diodes 
CR11, CR12 to the base of a transistor Q7. The transistor Q4, Q7, Q3 and resistors R30-R35 form an output 
20 circuit capable of driving high capacitive loads at high slew rates and wide bandwidth. The variable resistor 
R31 may be used to set the maximum current through the bias network R30, R33 by measuring the voltage 
drop across resistor R35. 

The strobe generator 560 produces a strobe pulse and comprises transistors Q101-Q105 and a one- 
shot circuit U108. The strobe intensity is determined by the circuit comprising the transistors Q101-Q104 

25 and resistors R109-R115. The circuit is connected to the anode of the LED 900 and receives two inputs 
from the interface unit 600 to produce four levels of light intensity in the LED 900. 

The activation aand duration of activation of the LED 900 is determined by the one-shot U108 and the 
transistor Q105. The one-shot U108 comprises inputs A, B and an output Q. The strobe signal STROBE is 
applied to the B input from the interface unit 600. The duration of the one-shot U108 output pulse is 

30 controlled by the adjustable RC network R107, R108. The output Q is applied to the base of the transistor 
Q105 by resistor R108. The collector of the transistor Q105 is connected to the cathode of the LED 900 to 
draw current through the LED 900. 

The computer 700, control unit 500 and plotter 800 must be initialized. The initialization of the computer 
700 and the plotter 800 will not be discussed since these units are of conventional design and operation. 

35 To initialize the jetting head control unit 500, the computer 700 directs the interface unit 600 to issue a 
reset command. The reset signal RST is conducted to the control unit 500 whereupon the counters U24, 
U25 are cleared. The computer 700 then retrieves from its memory, or by conventional operator input, the 
desired digital setting for the D/A converter. This setting may also be calculated from data and may be 
tailored to specific sizes of jetting heads 400 or reagent fluids. The computer 700 then issues a series of 

40 commands, through the interface unit 600, to increment or decrement the counters U24, U25 to correspond 
to the desired binary setting. If the command directs that the counters are to be raised, then the HIGHER* 
signal is applied through the opto-isolator U20 to the count up CU input of the counter U24. Similarly, if the 
command directs that the counters are to be lowered then the LOWER* signal is applied through the opto- 
isolator U19 to the count down CD input of the counter U24. Since the carry and borrow outputs CY, BR of 

45 the counter U24 are connected to the count up and count down inputs CU, CD, respectively, of the counter 
U25, the digital setting applied to the D/A converter U30 may range from 0 to 255. Alternately, the counters 
U24, U25 could be initialized to a desired setting by loading the binary value on the lines TP0-TP7 and 
strobing the EXT LOAD line. 

Once the control unit 500 and the plotter 800 are initialized, the printing cycle may begin. The computer 

so 700 issues a command to the interface unit 600 to produce the series of PRT* signal pulses. The computer 
700 then commands the plotter 800 to print, for example, a line along a selected path. The plotter 800 
positions the jetting head 400 and target 1 and issues the pen down signal PENDN. The signal is delayed 
by the print control circuit 510 to ensure that the target 1 is properly positioned. At the expiration of the 
delay, the signal is ANDed with the closed enable switch S1 and the series of print pulses PRT. The result 

55 of the AND operation is the application of the PRT* pulses to the pulse generator circuit 530. 

The PRT* signal is applied through the jumper JMP to the opto-isolator U18 and then to the one-shot 
U23. The one-shot U23 produces a pulse signal which is then converted from CMOS signal levels to the 15 
volt DC signal level by the transistor Q9. The rise and fall circuitry comprising Q10, Q11, Q12 converts the 
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square wave pulse into a pulse having the rise and fall characteristics preset by the resistors R49, R52. The 
conditioned pulse is then amplified by the amplifier U32 and applied to the amplifier U31 . 

The amplifier U31 converts the polarity of the conditioned pulse to that acceptable by the D/A converter 
U30 and supplies an adjustable DC offset. The DC offset is used to counteract possible distortion 

5 attributable to. the amplifier U31. The distortion arises in that, for the amplifier U31 to be adequately 
responsive, a small degree of current must flow through the resistor R41 . This current creates an offset 
condition at the output of the amplifier U29 which is then scaled by the D/A converter U30 in correspon- 
dence with the binary data. The resistor R63 allows a small amount of current to be applied to the amplifier 
U31 to control the offset voltage attributable to the current flowing through the resistor R41. 

io The D/A converter U30 scales the difference between the inputs REF( + ), REF(-) using the binary data 
supplied to input lines B1-B8 to produce a current output pulse IOUT and a current inverted output pulse 
IOUT*. The two outputs IOUT, IOUT* are fed to the amplifier U29 which convert the current outputs into a 
single voltage output. The scaled, conditioned pulse is then applied to the output circuit comprising the 
amplifier U28 and the transistors Q3, Q4, Q5, Q6, Q7. The circuit produces a high voltage pulse with the 

is aforementioned rise and fall characteristics to drive the piezo-electric transducer 434. 

The high voltage pulse is applied to the transducer 434 and causes a droplet 2 of fluid to be propelled 
onto the target 1. Since the pen down signal PENDN is still applied, additional droplets 2 are produced from 
the jetting head 400. The plotter 800 moves the jetting head 400 and target 1 along the desired path during 
the emission of the droplets 2 to produce the desired printed line. When the printing is complete, the plotter 

20 800 removes the pen down signal PENDN and the droplet emission stops. Of course it should be 
understood that dots, circles and the like could be produced by appropriate positioning of the target 1 and 
jetting head 400. 

The size and uniformity of the droplets 2, as well as the presence of any satelite droplets, may be 
observed with the aid of the scope 950 and the LED 900. The scope 950 and the LED 900 are positioned 

25 such that the droplets 2 pass between the scope 950 and the LED 900 and within the focal range of the 
scope 950. The strobe pulse when applied to the LED 900 causes the LED 900 to momentarily flash. The 
timing of the activation and the width of the pulse may be adjusted such that the flash occurs when the 
fluid, expelled in response to the high voltage pulse, is between the scope 950 and the LED 900. The 
dispensed quantity of fluid may then be observed in flight or at or near the momement of separation from 

30 the orifice 433. Corrections based on the observation may then be made to the system 10. 

Since each droplet 2 is small in volume, the droplet 2 may be rapidly absorbed by the target 1, thereby 
allowing rapid and precise placement of a variety of reagents on the target 1 with reduced drying time and 
reduced potential of fluidity mixing. In addition, the ability to place small droplets 2 in a precise manner 
enables the target 1 to be printed in a high density matrix with a variety of reagents as isolated matrix 

35 elements. 

In some printing applications, particularly when printing fluids of flow viscosity and surface tension, it 
may be desirable to force the fluid through the jetting tube 432 under pressure and allow the vibrations 
produced by the transducer 434 to break the emitted fluid stream into precise droplets 2. Under this mode 
of printing, the emission of droplets 2 can not be stopped by cessation of the tranducers activation pulse. It 

40 is therefore necessary to prevent fluid emission by other means. One preferred means of momentarily 
stopping emission of the droplets is shown schematically in Fig. 4. In this arrangement, structure similar to 
structure represented in Fig. 3 in form and function, is represented by like reference numerals. 

The arrangement, generally represented by the numeral 20, includes a closed reagent recirculation 
system comprising a normally close three way valve 970, a sump 960 and a recirculation pump 980. In the 

45 continuous mode, the reagent fluid is forced out the orifice 433 by hydraulic pressure and broken into a 
series of substantially uniform droplets 2 by movement of the transducer 434. A regulated, filtered air 
supply 100 is used to pressurize the reagent fluid reservoir 200. The reagent fluid within the reservoir 200 
may optionally be agitated by a magnetic stirer unit 990. This is especially useful for reagent fluids 
comprising suspended particles. 

so The three-way valve 970 comprises a common channel, a normally open channel and a normally closed 
channel. The fluid is forced through the filter 300 and applied to the normally closed channel of the valve 
970. When the normally closed channel is closed, the normally open channel of the valve 970 functions as 
a vent for the reagent jetting head 400. The common channel is connected to the reagent supply tube 430 
of the jetting head 400. The reagent supply tube 430 is also connected to the sump 960. 

55 In operation, the normally closed channel is opened by an appropriate signal supplied by the computer 
700 which also closes the normally open channel. When the normally closed channel is opened, fluid is 
permitted to pass to the sump 960 and to the jetting head 400. The sump 960 collects the reagent fluid not 
transferred to the jetting head 400. The sump 960 supplies the collected fluid to the inlet side of the 
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recirculating pump 980 which returns the fluid to the reservoir 200. The returned fluid is then mixed with the 
contents of the reservoir 200 and is available for recirculation. 

When operating in the continuous mode, rather than interrupt the continuous stream of print pulses to 
the jetting head 400, the printing may be momentarily stopped by closing the normally closed channel of 

5 the valve 970. The closing of the normally closed channel stops the flow of reagent fluid to the jetting head 
400 and allows the jetting head 400 to vent to atmospheric pressure. With the fluid supply blocked, the 
transducer 434 is unable to expel further droplets 2. Thus, if positioning of the target 1 by the plotter 800 
requires a longer time interval than the time between droplet 2 emission, the computer 700 may close the 
normally closed channel of the valve 970. The plotter 800 may then position the target 1 or position a new 

w target 1 as desired. 

When printing, the active ingredient of the reagent is tailored to achieve a desired concentration per unit 
area on the target 1. However, to a certain extent the final concentration per unit area can be adjusted by 
varying the density of the droplets 2 printed on the target 1. The preferred embodiment is particularly well 
suited to this application due to its ability to print precise, discrete pels of reagent. 
75 A second preferred embodiment of the jetting head is illustrated in Figs. 6a-6b and is generally 
represented as 400'. The jetting head 400' comprises housing formed into three sections 401', 402', 403'. 
The housing section 403' comprises a recessed region which forms the reagent fluid reservoir 200' when 
the housing section 403' is positioned against housing section 402'. 

The jetting head 400' further comprises a piezo-eiectric transducer 434' and a reagent jetting tube 432' 
20 similar to those of the first embodiment. The jetting head 400' and the transducer 434' are most clearly 
shown in Fig. 6b. The jetting tube 432' defines an orifice 433' at one end and a reagent fluid receiving 
aperture 431 ' at the other end. The transducer 434' is mounted to the jetting tube 432' concentrically about 
the mid-region of the tube 432' with epoxy. 

The transducer 434' and the jetting tube 432' are positioned in channels 420', 418', 416' located in the 
25 housing sections 402', 401 '. The channel 416' comprises a plurality of sealing teeth 412' operative to 
engage and seal against the fluid receiving end 431 ' of the jetting tube 432'. The channel 416' is connected 
to the reagent fluid supply channel 430'. The supply channel 430' is connected with the fluid reservoir 200' 
by means of an aperture 431 ' through the housing section 402', shown in Fig. 6b. 

The reservoir 200' comprises a flexible reservoir lining 201 ' adapted to contain the reagent fluid. The 
30 lining 201' comprises one aperture which is connected to the housing 402' to allow the fluid to pass from 
the lining 201'. A vent (not shown), located in the housing 403', allows the space between the reservoir 200' 
and the lining 201 ' to be vented or pressurized. A filter 300' is positioned within the aperture 202' to trap 
unwanted particulate foreign matter. 

Electrical pulses are supplied to the transducer 434' by means of two contact pins 422'. The pins 422' 
35 are inserted through respective apertures 419' of the housing section 402' and respective apertures 421 ' of 
the housing section 403'. Two thin electrically conductive strips 410', 411', shown in Fig. 6b, are used to 
connect the transducer 434' with the contact pins 422'. A protective shield 405' extends from the housing 
position 403' to partially isolate the protruding portions of the contact pins 422'. 

The function and operation of the jetting head 400' is similar to that of the jetting head 400 and 
40 therefore will not be discussed in detail. The collapsible inner lining 201 ' of the reservoir 200 allows the 
jetting tube 432^ to be primed by pressurizing the reservoir 200' through the vent 205'. Once primed, the 
jetting head 400' may be used as described above in reference to the jetting head 400. 

The jetting head 400' provides an advantage in that the entire fluidic system is contained in one 
housing. Such containment allows for fast and efficient replacement of the jetting heads without fluid 
45 contamination problems. 

A third preferred embodiment of the jetting head is shown in Fig. 7 and generally represented as 400". 
The jetting head 400" comprises a housing 403", a reagent fluid supply tube 406", a piezo-electric 
transducer 434" andean orifice plate 404". The housing 403" defines a conically shaped fluid chamber 432". 
An orifice plate 404", defining an orifice 433", is fastened to the housing 403" such that the orifice 433" is 
so located at or near the apex of the conical fluid chamber 432". 

The fluid feed tube 406" is attached to the housing 403" and defines a supply channel 430". The supply 
channel 430" is in fluid communication with the fluid chamber 432" by means of a connecting channel 431". 
The base of the fluid chamber 432" is formed by the disc-shaped transducer 434". The transducer 434" is 
held in position ^by a hold down plate 402" attached to the housing 403". The electrical connections to the 
55 transducer 434" are of conventional design and are therefore not shown. The housing 403" further 
comprises a threaded aperture 406" for mounting the jetting head 400". 

The jetting head 400" operates in a manner similar to the jetting heads described above. However, in 
this jetting head the transducer 434" is normally disk shaped. When the electrical pulse is applied, the 
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transducer 434" bends slightly, thereby altering the volume of the conically shaped jetting chamber 432". 
The change in volume of the chamber 432" causes the expulsion of fluid through the orifice 433" and the 
intake of fluid through the supply channel 430" as described in reference to the jetting head 400. 

A fourth preferred embodiment of the jetting head is shown in Fig. 8 and is generally represented as 
400 . The jetting head 400* is very similar in form and function to the jetting head 400 and will not be 
described in detail. The jetting head 400* comprises two symmetrical housing sections. The sections may 
be connected togejher by means of apertures 409* and screws, not shown. When assembled, the housing 
sections 404 , 402 form a T-shaped supply channel 41 0*. 

In operation, the jetting head 400* functions in a manner similar to the jetting head 400. The jetting 
head 400 is especially suited for use in the continuous mode, but may also be used in the drop on 
demand mode. In the continuous mode, the fluid is circulated continuously through the supply channel 430* 
allowing the jetting tube 432* to withdraw as much fluid as required. 

By way of illustrating and with no limitations intended the following information is given to further 
illustrate the above described embodiments. The computer 700 is an IBM Corporation Personal Computer 
with 640 kbytes of RAM memory. The interface unit 600 is a Burr Brown interface unit model number PC 
20001. The plotter 800 is manufactured by Houston Instrument as model number DMP-40. Communication 
between the plotter 800 and the interface unit 600 is performed through a standard asynchronous serial 
communication port. 

The electrical pulse applied to the jetting head 400 to activate the transducer 434 comprises a rise time 
of approximately 5 usees, a fall time of approximately 5 usees and a pulse width of approximately 35 usees. 
When the transducer 434 is operated in the drop on demand mode, the voltage potential of the pulse is 60 
volts plus or minus 10 volts and the pulse frequency can be up to 4 khz. When the transducer 434 is 
operated in the continuous mode, the voltage potential of the pulse is 30 volts plus or minus 10 volts and 
the pulse frequency can be up to 10 khz. 

The jetting tube 432 is manufactured from a pyrex glass tube and measures 0,6858 mm (.027 inches) 
outside diameter and 0,508 mm (.020 inches) inside diameter. The tube is drawn to a closed taper in an 
electric furnace. The tapered end is then cut and ground to a desired orifice opening of 0,0508 to 0,1016 
mm (.002 to .004 inches) in diameter. The tube is cut to a final length of 24,003 mm (.945 inches) in the 
case of the dispenser embodiment and ultrasonically cleaned in acetone. After being cleaned and dried the 
large end of the tube is fire polished. If desired, the orifice end of the tube may receive a coating, such as a 
hydrophobic polymer, to enhance droplet separation from the tube. 

The supply tube 430 is formed from 0,5842 mm (.023 inch) inside diameter and 9,652 mm (.38 inch) 
outside diameter polyethylene tubing produced by Intramedic Corp. as model number #14 170 11 B. During 
assembly, one end of the tubing is stretched over a warm tapered mandrel. The stretched end of the supply 
tube 430 is then inserted over the large fire polished end of the jetting tube 432. The assembly is then 
cleaned and baked in a circulating air oven at 50 W C. for 10 minutes. 

The transducer 434 was purchased from Vernitron of Cleveland, Ohio as model number PZT-5H. The 
electrodes 437, 436 are comprised of nickel and are separated from each other on the outer surface of the 
transducer by approximately 0,762 mm (.030 inches). The jetting tube 432 is inserted into the cylindrical 
piezoelectric tube 434 and secured with epoxy manufactured by Epoxy Technology of Bellerica, Massachu- 
setts as model number 301. The epoxy is applied at the junction of the tube 432 and transducer 434 with a 
syringe. The epoxy flown along the tube 432 inside the transducer 434 by capillary action. The assembly is 
then baked in a circulating air oven at 65 * C. for one hour to cure the epoxy. 

The contact pins 422 are secured to one of the housing sections 402, 404 with a drop of epoxy. The 
transducer jetting tube 434, 432 is placed in the housing such that the orifice end 433 of the tube 432 
protrudes approximately 0,762 mm (.030 inches) from the housing 402, 404. A drop of silver epoxy is 
placed between each contact pin 422 and the transducer 434 to ensure a secure electrical connection. 
Epoxy is also applied to the junction of the housing 402, 404 and supply tube 430. The other section of the 
housing 402, 404 is then screwed into place. 

The periphery of the housing 402, 404 is sealed with a capillary sealer such as cyclohexanone. Epoxy 
is then added around each contact pin 422 and around the orifice end 433. The assembly is then baked in 
a circulating air oven at 65 • C. for one hour. 

The filter 300 is formed from a polyester mesh with 20 urn pores and positioned in a polypropylene 
housing. The air pressure supplied to the reservoir 200 during continuous printing operations is regulated at 
approximately 6,897 x 10 4 N/m 2 to 20,697 x 10* N/m 2 (10 to 30 psi). 

The reagents used have the following characteristics: 
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Printing (drop on demand mode): 


Fluid viscosity range: 
Fluid surface tension: 


1 - 30 centipoises 
20 - 70 dyne/cm 



Printing (continuous mode): 


Fluid viscosity range: 
Fluid surface tension: 


up to 50 centipoises 
not measured 



Dispensing (drop on demand mode): 


Fluid viscosity range: 
Fluid surface tension: 


2-30 centipoises 
20 - 70 dyne/cm 



A measure of the performance and selected operating characteristics for a typical jetting head are 
presented in Figs. 9-11. Fig. 9 is a graph of the mass of a droplet as a function of droplet emission 
frequency for three fluids. The viscosity of the fluids were 1, 5 and 24 centipoise and the transducer 
excitation pulse width was 35 microseconds. As shown in Fig. 9, the higher fluid viscosity results in a more 
stable operating performance of the jetting head. Fig. 10 is a graph of droplet velocity as a function of 
droplet emission frequency for fluid viscosities of 1, 5 and 24 centipoise. The log of the total fluid weight as 
a function of the log of the number of droplets emitted is shown in Fig. 11. The fluid used had a viscosity of 
2 cent.po.se, a surface tension of 20 dynes/cm. and a density of .8 grams/cc. The transducer excitation 
pulse was 80 volts and the excitation frequency was approximately 71 1 Hz. 

Some blood typing reagents and some allergen reagents have very low viscosities and surface 
tensions. Although in some cases viscosity modifiers, such as glycerol, dextran, glucose, and the like may 
be added to increase the viscosity, a few reagents are adversely affected by such modifiers. 

Developing stable and reproduceable demand mode jetting is difficult with very low viscosities 
Although droplet emission can be established at some fundamental frequencies, the droplets dispensed 
may have small satelite droplets which reduce the accuracy for metering and dispensing applications 
However, even with the satelite drops, sufficient reagent is adequately delivered for most print applications 
without a substantial decrease in print quality. 

Glycerin may be used as a viscosity modifier to improve jetting reliability and to prevent obstruction of 
the onfice arising from evaporation of the reagent fluid components. Glycerin has been found especially 
beneficial for those reagents containing particulate material. The evaporation of the fluid component results 
in a concentration of glycerin located at the orifice. The plug of glycerin substantially prevents further 
evaporation of the reagent fluid. During the next activation cycle of the transducer, the plug of qlvcerin is 
expelled from the orifice. 

When operating in the dispensing mode the volume of the droplets can be varied to substantially 
uniformly contain from 100 pico-liters to 1 micro-liter. The droplets can be produced at a rate of 
approximately 1 khz to 8 khz. When operating in the printing mode the size of the pel made by each 
droplet measures approximately 0,0254-0,3048 mm (.001 -.01 2 inches) in diameter. 

A copy of the program used in the computer 700 for a printing operation is attached hereto as Appendix 
A. The values, manufacturer and manufacturing part number of the circuit components of the jetting control 
unit 500 are substantially as follows: 
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Ref. Humeral 
of Component 

R39, 45-48, 57, 

56 
R66 
R3 
R34 
R50 

R13, 23, 36,40, 

41 
R56 

R8 
R6 

R7, 12,25 
R67 

R51,53 

R29 

R61 

R15-18. 26-28, 

54,55,64 
R62 

R30,33 

R21 

R19 

R35 

R43 

R60 

R37 

R9 

Rll 

U2, 11, 14, 16,22 

C21,41,45 

C24 

CIO 

CI, 2, 3,55. 60 

C53 

C36 



Description 
and Value 



RES . IOKOHMIjWATTS^C . F . 
RES . 1500HMiWATT5%C . F . 
RES . 15K0HMljWATTST;C . F 
RES . 16KOHHJjWATT5';C . F 
RES . 2 . 4K0HMJjWATTi? e M . F . 

RES . 2 . 4K0HMJ,WATT5° o C . F . 
RES . 20KOHMSsWATT5%C . F . 

RES . 2200HI-U I V/ATT5?.C . F . 
RES . 270HM1WA.TT5?;C . C 
RES . 2K0HM$WATT5%C . F 
RES3 . 6K0HHJaWATTS%C . F . 
RES . 3 . 9K0HM3aWATTS%C . F . 
RES . 300K0HMJt WATTS^C . F . 
RES . 30K0HMJjWATTl%K . F . 

RES . 4 . 7K0HMJ»WATT5?;C . F . 
RES . 45 . 3K0HH%WATT1?;M . F . 
RES . 470HM*WATT5%C . F . 
RES . 4700HMnWATT5%C . F 
RES . 47KOHM*WATT5?;C . F . 
RES . 510OHMtfr/ATT5%C . F . 
RES.6.2K0HM*|WATT5%'C F 
RES . 7 . 5KOHm»WATT5%C . F 
RES . 75K0HM»WATT5%C . F . 
RES . 76K0HM%WATT1%M . F . 
RES . 8200HMJ»WATT5%C . F . 
RES. DIP NETWRK. 47KOHM 
CAP . AXIALXMF02SOVDC 
CAP . AXI AL22OMF02 50VDC 

CAP. AXIAL ALUM ELEC. 

4700 0MF02SVDC 
CAP. RADIAL DIPPED TANT 

10MF«25VDC 
CAP. RADIAL DIPPED TANT. 

1MF#35VDC 
CAP. RADIAL DIPPED TANT 

47MF910VDC 



Manufacturer 
and Part No. 



DALE RL079242C 



DALE RL079303G 



DALE RN55D4532F 



DALE RN60D7682F 

CT9 761-1R47K 
MALLORY #TC56 
MALLORY 

LP2219250C7P3 
MALLORY 

TCG472U025NIC 
KEMET 

T35OE106M025AS 
KEMET 

T35OA105K035AS 
KEMET 
T350H566M010AS 
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Ref. Numeral 
of Component 

. C54 

C57 

C49 
w C39 

C6 

C30,35,37 
C4,7 



04,5,6,9,11-19, 
22,23,25-28 

C31-34, 37, 42,43 
47,48,50-52 

C56,58,59 



Description 
and Value 

CAP. RADIAL SILV MICA 

100PF300VDC 
CAP. RADIAL SILV MICA 

20PF300VDC 
CAP. RADIAL SILV. MICA 

39FF300VDC 
CAP. RADIAL X7R MLC 

.015MF@50VDC 
CAP. RADIAL X7R MLC 

. 022MF950VDC 
CAP. RADIAL 25U MLC 

. 015MF050VDC 
CAP. RADIAL 25U MLC 

. 01MF950VDC 
CAP. RADIAL 25U MLC 

. 22MFG50VDC 



20 



25 



C46 

CR7,8,9,10, 
11,12.17 
CR1,2,3,4 
CR5 

CR6.13.15 
CR14,16 
30 U6. 13. 15,17 
Q2.9.12 
Q8.10.ll 
Q4 
Q7 

Q3.14 

«13 

U5.27 

U23.26 

U7-10 
40 U30 

U24.25 

U28 

Ul 

U4 
45 U3 

U12.29.31.32 

U18.19.20.21 

R24.42.63 

R38.49.52 

50 MO 

R14.31 



CAP. VARI . 2- 
DIODE SIL. 



12PF. 



DIODE SIL. FAST 

DIODE SIL. FASTHI VOLT 

DIODE SIL. REF. 2, 500VDC 

DIODE SIL. ZENER3 . 8 V . 2 5 WATT 

SWITCH 8 POSITION DIP 

TRANSTOR . COMMON NPN 

TRANSTOR . COMMON PNP 

TRANSTOR . HI VOLTHI FREQ . NPN 

TRANSTOR. HI VOLTHI FREQ . PNP 

TRANSTOR . HI VOLTHI I NPN 

TRANSTOR . HI VOLTNPN2N3 43 9 

TRANSTOR . HI VOLTPNP 

IC 1-SHOT 74HC221 

IC 1-SHOT 74LS221 

IC COMPARATOR 74HC688 

IC CONVERTER DAC0800 

IC COUNTER 74HC193 

IC HI SLEW HI VOLT OP AMP 

IC HYBRID DC/DC CONVERTER 

IC OC DRIVER SN7406 

IC OCTAL LATCH 74HC374 

IC OP AMP LF256 

IC OPTO ISOLATOR 

POT100KOHM%WATT10% 

POT10KOHM»WATT10% 

P0T25K0HM*WATT10% 

P0T2K0HM%WATT1 0% 



Manufacturer 
and Part No. 

KAHGAN 

SD5101J301 
KAHGAN 

SP12200J301 
KAHGAN 

SP12390J301 
KEMET 

C315C102K1R5CA 
KEMET 

C315C223K5R5CA 
KEMET 

C315C153K5R5CA 
KEMET 

C315C103K5R5CA 
KEMET 

C322C224M5U5CA 



JOHANSEN #9626 

ITT . FAIRCHLD . 1N4148 

GENL . INST . EGP10D 
GENL . INST . UF4007 
NATL . SEMI -LM3852-2 . 5 
MOTOROLA 1N4522A 
CTS 206-8 
MOTOROLA 2N2222A 
MOTOROLA 2N2907A 
MOTOROLA MPSU10 
MOTOROLA MPSU60 
TI,MOTOROLATIP48 
MOTOROLA 2N3439 
MOTOROLA MJE5731 
NATL. SEMI MM74HC22IK 
NATL. SEMI DM741S221K 
NATL. SEMI MM74HC688K 
NATL. SEMI DACO800LCK 
NATL. SEMI MM74HC193K 
BURR- BROWN 3584JM 
BURR-BROWN MODEL 724 
NATL. SEMI DM7406N 
NATL. MM74HC374N 
NATL. SEMI LF256H 
HEWLTT- PCKRD HCPL23C 
BOURNS 3622-1-104 
BOURNS 3622W-1-103 
BOURNS 3622W- 1-253 
BOURNS 3622W-1-202 



55 



15 



EP 0 268 237 B1 



Ref. Numeral 
of Component 

VRI 

RIO 

R2 ( 4 

R32 

R44 

Rl 

R5 , R22 
R65 
R59 
R100 

R101,108 
R102, 103 

106, 109, 110 
R104 
R105 
R107 

Rill, 113 
R112 

R114,115 

C100 

C108 

D100 

Q100,105 

Q101,102 

Q103.104 

uioo.uioa 

U103,104 

105,106 
U108 



Description 
and Value 

REGULATOR 5VDC 
RES . 1MEC0KHJ5WATT5%C . F . 
RES . 1 . 2KOEHJ5WAITS?;c . F . 
RES . 1 . 6KOE'B5WATT5%C . F . 
RES . 1 . SKOHMJsWATTSSC . F . 
RES . 10KSGOHMJsWATT5*C . F . 
RES . 100KK3|jWATT5%C . F . 
RES . 10CK0E'B 5 WATT5%C . F. 
RES . 10K0HKJiWATTl%M . F . 
RES.270OHM 
RES . 4700HM 
RES.1KOKM 

RES . 47000HM 

POT.100KOKM 

POT.10KOHM 

RES.2200HM 

RES.220HM 

RES. 470HM 

CAP. 10KF03S VPC 

CAP.1QC00 PF 

DIODE 

TRANSTOR 

TRANSTOR 

TRANSTOR 

IC I -SHOT 

IC INVERTOR 

IC LINE DECODER 



Manufacturer 
and Part No. 

NATL. LM340T- 5.0 



DALE RN55D1002F 



1N4148 

2N2222 

2N3906 

2N3S04 

74LS123 

74LS04 

74LS138 



Of course, it should be understood that a wide range of changes and modifications can be made to the 
preferred embodiments described above. For example, the transducer could be of a type other than piezo- 
electric such as magneto-strictive, electro-strictive, and electro-mechanical. It is therefore intended that the 
foregoing detailed description be regarded as illustrative rather than limiting, and that it be understood that 
it is the following claims, including all equivalents, which are intended to define the scope of this invention. 

Where technical features mentioned in any claim are followed by reference signs, those reference signs 
have been included just for the sole purpose of increasing intelligibility of the claims and accordingly such 
reference signs do not have any limiting effect on the scope of each element identified by way of example 
by such reference signs. 

Claims 

1. A diagnostic apparatus comprising a dispensing system emitting uniform, controllably sized droplets of 
a wide range of diagnostic reagent fluids, the system comprising: 

- a jetting chamber (432) defining a volume and comprising a first and second aperture (431,433), 
the first aperture (431) adapted to receive a diagnostic reagent fluid, the second aperture (433) 
defining an orifice; 

- an electro-acoustic transducer (434) in mechanical communication with the jetting chamber (432), 
the transducer (434) operative alternately to expand and de-expand the volume of the jetting 
chamber (432) in response to a selected electrical pulse, thereby alternately creating an acoustic 
expansion and compression wave in the fluid, the compression wave being sufficient to emit a 
droplet of said fluid through the orifice (433); and 

- means (500) for generating a number of electrical pulses sufficient to cause a desired quantity of 
the fluid to be dispensed, CHARACTERIZED IN THAT 
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5. 



- means (530) are provided for varying the characteristics of said pulses, wherein said characteris- 
tics are selected from the group consisting of rise time; rise time and fall time; rise time, fall time 
and width; or rise time, fall time, width and amplitude. 

The diagnostic apparatus according to claim 1, characterized in that it further comprises: 

- at least one additional jetting chamber (432) in fluid communication with an additional diagnostic 
reagent fluid; 

- at least one additional transducer (434) in mechanical communication with the additional jetting 
chamber (432); 

- at least one additional means (500) for applying an electrical pulse of predetermined characteris- 
tics to the additional transducer; 

- means (530) for generating respective numbers of electrical pulses sufficient to cause precise 
quantities of the diagnostic reagent fluids to be dispensed in a desired volumetric ratio; and 

- a receptacle (904) adapted for and positioned to receive the fluids. 

The diagnostic apparatus according to claim 2, characterized in that one of the diagnostic reagent fluids 
comprises serum and in that the jetting chambers (432) cooperate such that the other diagnostic fluid is 
emitted in a manner to contact and mix with the serum. 

The diagnostic apparatus according to one or more of claims 1 to 3, characterized in that the jetting 
chamber (432) comprises a cylindrical tube (435) and in that the transducer (434) is mounted 
concentrically about said cylindrical tube. 

The diagnostic apparatus according to one or more of claims 1 to 3, characterized in that the jetting 
chamber (432) is conically shaped. 

6. The diagnostic apparatus according to one or more of claims 1 to 3, characterized in that the jetting 
chamber (432) comprises at least one chamber wall (435) which is integrally formed with the transducer 
(434). 

7. The diagnostic apparatus according to one or more of claims 1 to 4, characterized in that the 
transducer (434) is disc shaped and forms the base of the conically shaped jetting chamber (432). 

a The diagnostic apparatus according to one or more of claims 1 to 7, characterized in that the orifice 
(433) comprises an end face which is coated with a hydrophobic polymer. 

9. The diagnostic apparatus according to one or more of claims 1 to 6, characterized in that the 
transducer (434) is cylindrical^ shaped and comprises a first electrode (437) located on the inner wall 
of the cylinder (435) which wraps around one end of the cylinder (435); and in that a second electrode 
(436) is located substantially on the outer wall of the cylinder (435) and is electrically isolated from the 
first electrode (437). 

10. The diagnostic apparatus according to one or more of claims 1 to 9. characterized in that the apparatus 
further comprises means (902) for directing or deflecting the emitted diagnostic fluid(s) along a desired 
path. 

11. The diagnostic apparatus according to one or more of the preceding claims, characterized in that it 
further comprises means (906) for detecting the results of a reaction between the diagnostic reagent 
fluid and the additional diagnostic reagent fluid. 

12. The diagnostic apparatus according to one or more of the preceding claims, characterized in that the 
jetting chamber (432) is made of glass. 

13. The diagnostic apparatus according to one or more of claims 1 to 12, characterized in that it further 
comprises a collapsible reservoir (200) of diagnostic reagent fluid in fluid communication with the first 
aperture (431) of the jetting chamber (432), whereby capillary action at the orifice (433) produces a 
pressure differential between the interior and exterior of the reservoir (200) upon omittance of a droDlet 
from the jetting chamber (432). H 
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14. A method of effecting a diagnostic test with a diagnostic apparatus of the type including a chemically 
treated test medium, the method comprising the steps of: 

(a) positioning a test device medium relative to the orifice (433) of a jetting chamber (432) which 
defines a volume, an orifice and an aperture (410) for receiving diagnostic reagent fluid; 

5 (b) alternately expanding and de-expanding the volume of the jetting chamber (432) by electro- 

acoustic transducer means (434), thereby alternately creating an acoustic expansion and compres- 
sion wave in the fluid, the compression wave being sufficient to emit said droplet of said fluid 
through the orifice (433); 
(c) generating electrical pulses; 

10 (d) applying the generated electrical pulses to said transducer means (434); 

(e) allowing the emitted droplet to impact the test device medium; and 

(f) repeating steps (a) through (e) until a desired pattern of reagent fluid has been formed on the test 
device medium, characterized in that step (c) further comprises varying electrical characteristics of 
said pulses, selected from a group consisting of rise time; rise time and fall time; rise time, fall time 

15 and width; or rise time, fall time, width and amplitude, until an emitted droplet of said reagent fluid is 

of a predetermined and a substantially uniform size. 

15. A method of effecting a diagnostic test with a diagnostic apparatus of the type including a chemically 
treated test medium, the method comprising the steps of: 

20 (a) positioning a test device medium relative to the orifice (433) of a jetting chamber (432) which 

defines a volume, an orifice and an aperture (410) for receiving diagnostic reagent fluid; 

(b) pressurizing the reagent fluid into the jetting chamber (432); 

(c) alternately expanding and de-expanding the volume of the jetting chamber (432) by electro- 
acoustic transducer means (434), thereby alternately creating an acoustic expansion and compres- 

25 sion wave in the fluid such that to break the pressurized fluid stream into droplets; 

(d) generating electrical pulses; and 

(e) applying the generated electrical pulses to said transducer means (434), characterized in that 
step (d) further comprises varying electrical characteristics of said pulses, selected from a group 
consisting of rise time; rise time and fall time; rise time, fall time and width; or rise time, fall time, 

30 width and amplitude. 

16. The method according to claims 14 or 15, characterized in that the jetted fluid is selectively deflected 
to produce a desired pattern on the test medium. 



as 17. The method according to one or more of claims 14 to 16, characterized in that said acoustic expansion 
wave is reflected from said aperture (410) for receiving diagnostic reagent fluid as a compression wave, 
said de-expanding being timed so as to reinforce said reflected compression wave to emit a droplet. 

1a The method according to claim 14, characterized in that the emitted droplets impact the test medium to 
40 form an alphanumeric character. 



19. The method according to claim 14, characterized in that the density of the droplets per unit area of the 
test medium is varied to achieve a predetermined desired final concentration on the test medium. 

Patentansprilche 



. Diagnosevorrichtung mit einem Verteilersystem zum AusstoB von gleichformigen Tropfchen regelbarer 
GrdBe einer groBen Vielfalt von diagnostischen ReagenzflUssigkeiten, wobei das System enthait: 

- eine SprUhkammer (432), die ein Volumen definiert, und die eine erste und zweite Offnung (431, 
433) besitzt, wobei die erste Offnung (431) zur Aufnahme der diagnostischen ReagenzflUssigkeit 
ausgebildet ist und die zweite Offnung (433) eine MQndung bildet; 

- einen elektroakustischen Wandler (434) in mechanischer Verbindung mit der SprUhkammer (432), 
wobei der Wandler (434) betatigbar ist, urn wechselweise in AbhSngigkeit von einem ausgewShl- 
ten elektrischen Impuls das Volumen der SprUhkammer (432) zu vergoBern und zu verringen, 
wodurch wechselweise eine akustische Expansions- und Kompressionswelle in der FlUssigkeit 
erzeugt wird, wobei die Kompressionswelle ausreicht, urn den AusstoB eines Tropfchens der 
FlUssigkeit durch die MUndung (433) zu bewirken; und 
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- Mittel (500) zur Erzeugung einer Anzahl von elektrischen Impulsen, die ausreichend sind, eine 
erwUnschte Menge von zu verspruhender FlUssigkeit zur VerfOgung zu stellen, dadurch gekenn- 
zeichnet, daS 

- Mittel (530) zur Veranderung der Charakteristika der Impulse bereitgestellt werden, wobei die 
5 Charakteristika ausgewShlt werden aus einer Gruppe, die aus der Anstiegszeit; Anstiegszeit und 

Abfallzeit; Anstiegszeit, Abfallszeit und Breite; Oder Anstiegszeit, Abfallszeit, Breite und Amplitude 
bestehen. 

2. Die Diagnosevorrichtung nach Anspruch 1, dadurch gekennzeichnet, dafl diese weiterhin umfaBt: 

w - zumindest eine zusStzliche SprUhkammer (432) in Fluidverbindung mit einer zusatzlichen diagno- 

stischen Reagenzflussigkeit; 

- zumindest einen zusatzlichen Wandler (434) in mechanischer Verbindung mit der zusatzlichen 
SprUhkammer (432); 

- zumindest ein zusatziiches Mittel (500) zur Ubermittlung eines elektrischen Impulses mit vorher- 
? s bestimmten Charakteristika zu dem zusatzlichen Wandler; 

- Mittel (530) zur Erzeugung einer entsprechenden Anzahl von elektrischen Impulsen, die ausreicht, 
urn genaue Mengen der diagnostischen ReagenzflUssigkeiten, die versprUht werden sollen, in 
einem erwUnschten volumetrischen Verhaltnis zu erzeugen; und 

- einen Behalter (904), derart ausgebildet und angebracht, daB er die FlUssigkeiten aufnehmen 
20 kann. 

3. Die Diagnosevorrichtung nach Anspruch 2, dadurch gekennzeichnet, daB eine der diagnostischen 
ReagenzflOssigkeiten Serum enthalt, und dadurch, daB die SprUhkammern (432) derart zusammenwir- 
ken, daB die andere diagnostische FlUssigkeit in einer Weise ausgestoBen wird, urn mit dem Serum in 

25 Kontakt zu treten und sich damit zu vermischen. 

4. Die Diagnosevorrichtung nach einem Oder mehreren der AnsprUche 1 bis 3. dadurch gekennzeichnet, 
daB die SprUhkammer (432) eine zylindrische Rohre (435) enthalt, und daB der Wandler (434) 
konzentrisch urn die zylindrische Rohre angebracht ist. 

30 

5. Die Diagnosevorrichtung nach einem oder mehreren der AnsprUche 1 bis 3, dadurch gekennzeichnet 
daB die SprUhkammer (432) von konischer Form ist. 

6. Die Diagnosevorrichtung nach einem oder mehreren der AnsprUche 1 bis 3. dadurch gekennzeichnet, 
35 daB die SprUhkammer (432) zumindest eine Kammerwand (435) besitzt, die einstUckig mit dem 

Wandler (434) gebildet ist. 

7. Die Diagnosevorrichtung nach einem oder mehreren der AnsprUche 1 bis 4, dadurch gekennzeichnet, 
daB der Wandler (434) eine Scheibenform besitzt und die Basis der konisch gebildeten SprUhkammer 

40 (432) bildet. 

8. Die Diagnosevorrichtung nach einem oder mehreren der AnsprUche 1 bis 7, dadurch gekennzeichnet, 
daB die MUndung (433) eine EndflSche besitzt, die mit einem hydro-phoben Polymer beschichtet ist. 

45 9. Die Diagnosevorrichtung nach einem oder mehreren der AnsprUche 1 bis 6, dadurch gekennzeichnet, 
daB der Wandler (434) von zylindrischer Form ist und eine erste Elektrode (437) besitzt. die sich an der 
inneren Wand des Zylinders (435) befindet, die ein Ende des Zylinders (435) umschlieBt; und dadurch, 
daB eine zweite Elektrode (436) sich an der aufleren Wand des Zylinders (435) befindet und von der 
ersten Elektrode (437) elektrisch isoliert ist. 

50 

10. Die Diagnosevorrichtung nach einem oder mehreren der AnsprUche 1 bis 9, dadurch gekennzeichnet, 
daB die Vorrichtung weiterhin Mittel (902) zur Leitung und Ablenkung der ausgestoflenen diagnosti- 
schen FlUssigkeit(en) entlang eines gewUnschten Pfades umfaBt. 

55 11. Die Diagnosevorrichtung nach einem oder mehreren der vorhergehenden AnsprUche, dadurch gekenn- 
zeichnet, daB sie weiterhin eine Vorrichtung (906) zur Erfassung der Reaktionsergebnisse zwischen der 
diagnostischen Reagenzflussigkeit und der zusatzlichen diagnostischen ReagenzflUssigkeit besitzt. 
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12. Die Diagnosevorrichtung nach einem oder mehreren der vorhergehenden Anspruche. dadurch gekenn- 
zeichnet, daB die Spruhkammer (432) aus Glas gefertigt ist. 

13. Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 12, dadurch gekennzeichnet, 
daB diese weiterhin einen zusammenfaltbaren Behalter (200) mit diagnostischer ReagenzflQssigkeit 
besitzt. der in Fluidverbindung mit der ersten Offnung (431) der Spruhkammer (432) stent, wobei 
Kapillarwirkung an der MQndung (433) ein Druckdifferential zwischen dem Inneren und dem AuBeren 
des Behalters (200) beim AusstoB eines Tropfchens aus der SprQhkammer (432) erzeugt. 

14. Verfahren zur DurchfUhrung eines diagnostischen Tests mit einer Diagnosevorrichtung des Typs, der 
ein chemisch behandeltes Testmedium enthalt, wobei das Verfahren folgende Schritte umfaBt: 

(a) Positionierung eines Testgeratmediums relativ zur MQndung (433) einer Spruhkammer (432), die 
ein Volumen, eine MUndung und eine Offnung (410) zur Aufnahme der diagnostischen ReagenzflQs- 
sigkeit definiert; 

(b) wechselweise VergrSBerung und Verringerung des Volumens der SprOhkammer (432) durch 
elektroakustische Wandlermittel (434), wodurch wechselweise eine akustische Expansions- und 
Kompressionswelle in der FIGssigkeit erzeugt wird, wobei die Kompressionswelle ausreicht, ein 
Tropfchen der FIGssigkeit durch die MQndung (433) auszustoBen; 

(c) Erzeugung von elektrischen Impulsen; 

(d) Ubermittlung der erzeugten elektrischen Impulse zu den Wandlermitteln (434); 

(e) Zulassung des Eindringens des ausgestoBenen Tropfchens in das TestgerMtmedium; und 

(f) Wiederholung der Schritte (a) bis (e), bis ein erwGnschtes Muster von ReagenzflQssigkeit im 
Testgeratmedium erzeugt wurde, dadurch gekennzeichnet, daB Schritt (c) weiterhin die Veranderung 
der elektrischen Charakteristika der Impulse umfaBt, die aus einer Gruppe ausgewahlt worden sind, 
die aus Anstiegszeit; Anstiegszeit und Abfallszeit; Anstiegszeit, Abfallszeit und Breite; oder Anstiegs- 
zeit, Abfallszeit, Breite und Amplitude bestehen, bis ein ausgestoflenes Tropfchen der ReagenzflQs- 
sigkeit eine vorherbestimmte und im wesentlichen gleichformige GroBe besitzt. 

15. Verfahren zur DurchfQhrung eines diagnostischen Tests mit einer Diagnosevorrichtung des Typs, der 
ein chemisch behandeltes Testmedium enthalt, wobei das Verfahren folgende Schritte umfaBt: 

(a) Positionierung eines Testgeratmediums relativ zur MQndung (433) einer Spruhkammer (432), die 
ein Volumen, eine MQndung und eine Offnung (410) zur Aufnahme der diagnostischen ReagenzflQs- 
sigkeit definiert; 

(b) Druckbeaufschlagte Eingabe der ReagenzflQssigkeit in die SprQhkammer (432); 

(c) wechselweise VergroBerung und Verringerung des Volumens der SprQhkammer (432) durch 
elektroakustische Wandlermittel (434), wodurch wechselweise eine akustische Expansions- und 
Kompressionswelle in der FIGssigkeit erzeugt wird, so dafl der unter Druck stehende FIQssigkeits- 
strom in Tropfchen aufgespalten wird; 

(d) Erzeugung von elektrischen Impulsen; und 

(f) Ubermittlung der erzeugten elektrischen Impulse zu den Wandlermitteln (434); dadurch gekenn- 
zeichnet. daB Schritt (d) weiterhin die Veranderung der elektrischen Charakteristika der Impulse 
umfaBt, die aus einer Gruppe ausgewMhlt wurden, die aus Anstiegszeit; Anstiegszeit und Abfallszeit; 
Anstiegszeit, Abfallszeit und Breite; oder Anstiegszeit, Abfallszeit, Breite und Amplitude umfassen. 

16. Das Verfahren nach AnsprUche 14 oder 15, dadurch gekennzeichnet, dafi die ausgestoflene FIGssigkeit 
selektiv abgelenkt wird, urn ein erwGnschtes Muster im Testmedium zu erzeugen. 

17. Das Verfahren nach einem oder mehreren der AnsprGche 14 bis 16, dadurch gekennzeichnet, daB die 
akustische Expansionswelle von der Offnung (410) zur Aufnahme der diagnostischen ReagenzflQssig- 
keit als Kompressionswelle reflektiert wird, wobei die Verringerung derart getaktet ist, urn die refiektierte 
Kompressionswelle zu bestarken, ein Tropfchen auszustoBen. 

1a Das Verfahren nach Anspruch 14, dadurch gekennzeichnet, dafl die ausgestoBenen Trflpfchen auf das 
Testmedium auftreffen, urn alphanumerische Zeichen zu bilden. 

19. Das Verfahren nach Anspruch 14, dadurch gekennzeichnet. daB die Dichte der Tropfchen, bezogen auf 
die Flacheneinheit des Testmediums, verandert wird, urn eine vorherbestimmte Endkonzentration auf 
dem Testmedium zu erzielen. 
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Revendfcations 

1. Appareil de diagnostic comprenant un systeme de distribution Smettant des gouttes de taille uniforms 
controlable d'une large gamme de fluides reactifs de diagnostic, le systeme comprenant : 

5 une chambre de jet (432) dSfinissant un volume et comprenant des premiere et seconde 

ouvertures (431, 433), la premiere ouverture (431) Stant congue pour recevoir un fluide reactif de 
diagnostic, la seconde ouverture (433) d£finissant un orifice ; 

un transducteur electro-acoustique (434) en communication m£canique avec la chambre de jet 
(432), fe transducteur (434) fonctionnant en alternance pour dilater et comprimer ie volume de la 

w chambre de jet (432) en rgponse a une impulsion Slectrique s&ectionnSe pour ainsi crSer en alternance 
une onde de dilatation acoustique et une onde de compression acoustique dans le fluide, I'onde de 
compression etant suffisante pour gmettre une goutte dudit fluide au travers de I'orifice (433); et 

un moyen (500) pour gdneVer un certain nombre d'impulsions electriques qui suffit pour provoquer 
la distribution d'une quantity souhaite*e du fluide, 

is caracteVise" en ce que : 

un moyen (530) est prSvu pour faire varier les caracteVistiques desdites impulsions, lesdites 
caracteVistiques £tant s6lectionn£es dans le groupe comprenant le temps de croissance ; le temps de 
croissance et le temps de chute ; le temps de croissance, le temps de chute et la largeur ; ou le temps 
de croissance, le temps de chute, la largeur et I'amplitude. 

20 

2. Appareil de diagnostic selon la revendication 1, caracte>ise* en ce qu'il comprend en outre : 

au moins une chambre de jet supplemental (432) en communication de fluide avec un fluide 
re*actif de diagnostic supplemental re ; 

au moins un transducteur supple*mentaire (434) en communication mecanique avec la chambre de 
25 jet suppl§mentaire (432) ; 

au moins un moyen supple*mentaire (500) pour appliquer une impulsion e*lectrique pnSsentant des 
caracteVistiques predeterminers au transducteur supplements re ; 

un moyen (530) pour ge*ne>er des nombres respectifs d'impulsions electriques qui suffisent pour 
provoquer la distribution de quantites precises des fluides reactifs de diagnostic selon un rapport 
30 volum&rique souhaite* ; et 

un receptacle (904) congu pour recevoir les fluides et positionne* k cette fin. 

3. Appareil de diagnostic selon la revendication 2, caracteVise' en ce que Tun des fluides reactifs de 
diagnostic comprend du seVum et en ce que les chambres de jet (432) cooperent de telle sorte que 

35 I'autre fluide de diagnostic soit <§mis de maniere & etre en contact avec le serum et & se meianger 
avec. 

4. Appareil de diagnostic selon une ou plusieurs des revendications 1 & 3. caracterise* en ce que la 
chambre de jet (432) comprend un tube cylindrique (435) et en ce que le transducteur (434) est monte* 

40 de fagon concentrique par rapport audit tube cylindrique. 

5. Appareil de diagnostic selon une ou plusieurs des revendications 1 & 3, caracteVise* en ce que la 
chambre de jet (432) est de forme conique. 

45 6. Appareil de diagnostic selon une ou plusieurs des revendications 1 & 3, caracteVise* en ce que la 
chambre de jet (432) comprend au moins une paroi de chambre (435) qui est formed d f un seul tenant 
avec le transducteur (434). 

7. Appareil de diagnostic selon une ou plusieurs des revendications 1 & 4, caracteVise* en ce que le 
50 transducteur (434) est en forme de disque et il constitue la base de la chambre de jet de forme 

conique (432). 

8. Appareil de diagnostic selon une ou plusieurs des revendications 1 h 7, caracteVise* en ce que I'orifice 
(433) comprend une face d'extr^mite* qui est revetue d'un polymere hydrophobe. 

55 

9. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 6, caracteVise* en ce que le 
transducteur (434) est de forme cylindrique et comprend une premiere Electrode (437) situee sur la 
paroi interne du cylindre (435) qui s'enroule autour d'une extn§mit<§ du cylindre (435) ; et en ce qu'une 
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seconde electrode (436) est sitiu§e sensiblement sur la paroi externe du cylindre (435) et est isoiee 
electriquement de la premiere electrode (437). 

10. Appareil de diagnostic selon une ou plusieurs des revendications 1 & 9, caracterise en ce que I'appareil 
comprend en outre un moyen (902) pour diriger ou ddvier le ou les fluides de diagnostic 6mis selon un 
chemin souhaite. 

11. Appareil de diagnostic selon une ou plusieurs des revendications pr£c£dentes, caracterise en ce qu'il 
comprend en outre un moyen (906) pour d&ecter les r<§sultats d'une reaction entre le fluide reactif de 
diagnostic et !e fluide reactif de diagnostic supplemental. 

12. Appareil de diagnostic selon une ou plusieurs des revendications pr§c6dentes, caracterise en ce que la 
chambre de jet (432) est rSalisSe en verre. 

1a Appareil de diagnostic selon une ou plusieurs des revendications 1 & 12, caracterise en ce qu'il 
comprend en outre un reservoir dSmontable (200) contenant du fluide reactif de diagnostic, en 
communication de fluide avec la premiere ouverture (431) de la chambre de jet (432) et ainsi, une 
action de capillarity au niveau de I'orifice (433) produit un difterentiel de pression entre I'intfrieur et 
I'exterieur du reservoir (200) suite h remission d'une goutte depuis la chambre de jet (432). 

14. ProcSdd de mise en oeuvre d'un test de diagnostic & I'aide d'un appareil de diagnostic du type incluant 
un milieu de test traits chimiquement, le procede comprenant les etapes de : 

(a) positionnement d'un milieu de dispositif de test par rapport h I'orifice (433) d'une chambre de jet 
(432) qui ddfinit un volume, un orifice et une ouverture (410) pour recevoir du fluide reactif de 
diagnostic ; 

(b) dilatation et compression en alternance du volume de la chambre de jet (432) par un moyen de 
transducteur eiectro-acoustique (434), d'ou la creation ainsi en alternance d'une onde de dilatation 
acoustique et d'une onde de compression acoustique dans le fluide, I'onde de compression suffisant 
pour emettre ladite goutte dudit fluide au travers de I'orifice (433) ; 

(c) generation d'impulsions eiectriques ; 

(d) application des impulsions eiectriques genres audit moyen de transducteur (434) ; 

(e) octroi de I'autorisation h la goutte dmise d'arriver en impact sur le milieu de dispositif de test ; et 

(f) repetition des etapes (a) k (e) jusqu'& ce qu'un motif souhaite de fluide reactif ait ete forme sur le 
milieu de dispositif de test, caracterise en ce que I'etape (c) comprend en outre une variation des 
caracteristiques eiectriques desdites impulsions choisies parmi un groupe comprenant un temps de 
croissance ; un temps de croissance et un temps de chute ; un temps de croissance, un temps de 
chute et une largeur ; ou un temps de croissance, un temps de chute, une largeur et une amplitude, 
jusqu'fc ce qu'une goutte emise dudit fluide reactif soit d'une taille predeterminee sensiblement 
uniforme. 

15. Precede de mise en oeuvre d'un test de diagnostic & I'aide d'un appareil de diagnostic du type incluant 
un milieu de test traite chimiquement, le procede comprenant les etapes de : 

(a) positionnement d'un milieu de dispositif de test par rapport & I'orifice (433) d'une chambre de jet 
(432) qui d^finit un volume, un orifice et une ouverture (410) pour recevoir du fluide reactif de 
diagnostic ; 

(b) pressurisation du fluide reactif dans la chambre de jet (432) ; 

(c) dilatation et compression en alternance du volume de la chambre de jet (432) au moyen d'un 
moyen de transducteur eiectro-acoustique (434), d'ou la creation ainsi en alternance d'une onde de 
dilatation acoustique et d'une onde de compression acoustique dans le fluide de manure k rompre 
le flux du fluide pressurise en gouttes ; 

(d) generation d'impulsions eiectriques ; et 

(e) application des impulsions eiectriques gene^es audit moyen de transducteur (434), caracterise 
en ce que I'etape (d) comprend en outre la variation des caracteristiques eiectriques desdites 
impulsions choisies parmi un groupe comprenant un temps de croissance ; un temps de croissance 
et un temps de chute ; un temps de croissance, un temps de chute et une largeur ; ou un temps de 
croissance, un temps de chute, une largeur et une amplitude. 
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16. Procdde selon la revendication 14 ou 15. caracteris<§ en ce que le fluide formant un jet est d£vi<§ 
selectivement pour produire un motif souhaitS sur le milieu de test. 

17. Proc<§d6 selon Tune quelconque des revendications 14 & 16, caracteris<§ en ce que ladite onde de 
dilatation acoustique est rgflSchie depuis ladite ouverture (410) pour recevoir du fluide rSactif de 
diagnostic en tant qu'onde de compression, ladite compression <§tant cadence de manure k renforcer 
ladite onde de compression reflSchie afin d'emettre une goutte. 

1a ProcSde selon la revendication 14, caractf*ris<§ en ce que les gouttes «§mises arrivent en impact sur le 
milieu de test pour former un caract&re alphanumSrique. 

19. Proc<§d6 selon la revendication 14, caract(§ris<§ en ce que la density des gouttes par aire unitaire du 
milieu de test varie pour obtenir une concentration finale souhait£e predetermine sur le milieu de test. 
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FIG.5d 
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FIG. 5e 
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Description 



BACKGROUND OF THE INVENTION 



[0001 ] The present invention relates to an apparatus and process for dispensing reagent fluids, wherein a transducer 
is used to propel small quantities of the fluid towards a positioned target. 

[0002] Diagnostic assays often require systems for metering, dispensing and printing reagent fluids. In the case of 
metering and dispensing, such systems comprise both manual and automatic means. For purposes of practicality the 
present background discussion will focus on the methods of metering and dispensing 100 micro-liter volumes or less 
[0003] The manual systems of metering and dispensing include the glass capillary pipet; the micro-pipet; the precision 
syringe; and weighing instruments. The glass capillary pipet is formed from a precision bore glass capillary tube The 
pipet typically comprises a fire blown bulb and a tubular portion fire drawn to a fine point. Fluid is precisely metered by 
aspirating liquid through the tube into the bulb to a predetermined level indicated by an etched mark. The fluid may 
then be dispensed by blowing air through the tube. 

[0004] The micro-pipet typically comprises a cylinder and a spring loaded piston. The travel of the piston is precisely 
determined by a threaded stop. The distance the piston travels within the cylinder and the diameter of the cylinder 
define a precise volume. The fluid is aspirated into and dispensed from the micro-pipet in precise quantities bv move- 
ment of the piston within the cylinder. 

[0005] The precision syringe generally comprises a precisely manufactured plunger and cylinder with accurately 
positioned metering marks. The fluid is introduced into and dispensed from the syringe by movement of the plunqer 
between the marks. 

[0006] Weighing techniques for dispensing fluids often simply involve weighing a quantity of fluid. The density of the 
fluid may then be used to determine the fluid volume. 

[0007] Exemplary automatic metering and dispensing systems include the precision syringe pump; the peristaltic 
pump; and the high performance liquid chromatography (HPLC) metering valve. The precision syringe pump generally 
comprises a precision ground piston located within a precision bore cylinder. The piston is moved within the cylinder 
in precise increments by a stepping motor. 

[0008] The peristaltic pump comprises an elastomeric tube which is sequentially pinched by a series of rollers Often 
the tube is placed inside a semi-circular channel and the rollers mounted on the outer edge of a disc driven by a 
stepping motor. The movement of the rollers against the tubing produces peristaltic movement of the fluid 
[0009] The HPLC metering valve comprises a defined length of precision inner diameter tubing. The fluid is introduced 
into the define volume of the tubing with the valve in a first position and then dispensed from the tubing when the valve 
is placed in a second position. 

[0010] All of the above metering and dispensing systems have the disadvantage that the volumes dispensed are 
relatively large. Furthermore, these systems are also relatively slow, inefficient and comprise precision fitted comoo- 
nents which are particularly susceptible to wear. 

[001 1 ] The printing of reagent fluids is frequently required in the manufacture of chemical assay test strips Selected 
reagents are printed in a desired configuration on strips of filter paper. The strips may then be used as a disposable 
diagnostic tool to determine the presence or absence of a variety of chemical components 
[0012] Generally, to perform a chemical assay with a test strip, the strip is exposed to a fluid or a series of fluids to 
be tested, such as blood, serum or urine. In some instances, the strip is rinsed and processed with additional reagents 
prior to being interpreted. The precise interpretation depends on the type of chemical reactions involved, but it may be 
as simple as visually inspecting the test strip for a particular color change. 

[0013] The manufacture of test strips generally involves either a manufacturing process or a blotting process The 
blotting process is the simplest manufacturing method and permits most reagents to be applied without modification 
A disadvantage of this process is that it is difficult to blot the fluids onto the test strip with precision 
[0014] The printing process will often involve any of three well known methods: silk screening; gravure- and transfer 
printing. The silk screening of reagents generally involves producing a screen by photographic methods in the desired 
configuration for each reagent to be printed. The screen is exposed under light to a preselected pattern and then 
developed. The areas of the screen which are not exposed to light, when developed, become porous However the 
areas of the screen which have been exposed to light remain relatively nonporous. The screen is then secured'in a 
frame and the test strip placed below. The desired reagent fluid, specially prepared to have a high viscosity is spread 
over the top s.de of the screen. The reagent passes through the porous areas of the screen and onto the test strip 
The test strip is then subjected to a drying process, specific to each reagent. Once the test strip is dry, it may be printed 
again using a different screen, pattern and reagent. 

[0015] The gravure method of printing reagents comprises coating a metal surface with a light sensitive polymer 
The polymer is exposed to light in the desired predetermined pattern. When developed, the polymer creates hydrophilic 
and hydrophobic regions. The reagent is specially prepared such that when applied to the metal it will adhere only to 
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the hydrophilic regions. After the specially prepared reagent is applied, the test strip is pressed against the metal and 
the reagent is transferred from the metal to the test strip. 

[0016] The transfer printing method comprises transferring the reagents from a die to the test strip in the desired 
pattern The die is made with the appropriate pattern on its surface and then coated with the desired, specially prepared 
reagent. A rubber stamp mechanism is pressed against the die to transfer the reagent in the desired pattern from the 
die to the rubber stamp. The rubber stamp is then pressed against the test strip to transfer the reagent, in the same 
pattern, to the test strip. 

[0017] Each of the above-mentioned reagent printing techniques has significant disadvantages. The most common 
disadvantage is the requirement that the reagents must be specially prepared. Additionally, if a variety of reagents are 
to be printed onto a single test strip, the strip must be carefully aligned prior to each printing. This alignment procedure 
increases the cost and decreases the throughput of the printing process. Moreover, a special die or screen must be 
produced for each pattern to be printed. A further disadvantage arises in that the above printing methods are unable 
to place reproduceable minute quantities of reagent on the test strip. 

[0018] A microdroplet dispersing device useful in biochemical applications known from EPW-1 1 9 573 
[0019] An ink printer device with the ability of printing gray shades is known from US-A-3 857 049 Shadino is per- 
formed by varying the amount jetted ink. a K 
[0020] US-A-4 339 763 describes a recording apparatus which includes a writing fluid source feeding a drop proiec- 
t.on device which ejects drops of writing fluid from a nozzle. The volume of the drops is individually controllable by 

22^ fT? K U ' SeS T* t0 the dr ° P Pr ° jeC,i0n deviCe " 1,16 known drop pro ' ection device incl "des a piezo- 
electric crystal which is inwardly expanded to create an expansion wave in the writing fluid 

!S Mo""" 3 ' SySt6m iS kn ° W " fr ° m IBM Journal of research 30(1 development, vol. 28, number 3, May 1 984 
[0022] US-A-3 775 058 describes a method and apparatus for mixing liquids. The known apparatus includes a drop 
generator which ,s controlled for splitting a fluid flow into drops. A further drop generator is provided for splitting a 
further fluid flow into drops. Mixing of the drops can occur within a collector 

S„ ® B * A ' 1 . h 5 ? 708 ,eacbes a method ,or makin 9 a rea 9 ent test device. Among numerous methods, ink jet 
printing is described as a suitable one for making reagent test devices 

Sanlages" ° bi6Ct °' Pr6Sent inVe " ti0n ' 0 Pf ° Vide 3 dispensin9 me,hod and apparatus which avoids these 
SUMMARY OF THE PRESENT INVENTION 

[0025] The present invention is directed to a reagent dispensing apparatus and method, as defined in the accom- 
panying claims. 

El ntfrl" 9 / 0 p ^ esent i r " ven,ion used in dispensing reagent fluids, a jetting tube is concentrically located 
I t« oS t 6 ,ransducer J h f i etti "9 tube comprises an orifice at one end and a reagent receiving aperture 
rllinl ?! r6CeiVin9 6nd ° f the j6t,ing tUbe iS COnnected t0 a ,ilter which is in tum connected to a reservoir 
™ 9 , r ! a9ent ' A ' e,tin9 COntr0 ' Unit SUpp,ies an elec,rical pulse of short Oration to the transducer in 

ItnTn k 3 C ° mma t f Ued by 3 C ° mpU,er 7,16 eleC,rical pulse causes tne volume defined by the jetting tube to 
2 byaP am °H Unt S " f " C,ent ,0 j ntake 3 Sma " quan,i * of rea 9 ent ,luid fram the reservoir. At the end of the pulse 
irfn,T;,l ?, T r^'^T" Pr0Pe " in9 3 Sma " QUanti,y ° f 1,16 rea 9 ent ,luid throu 9 h the orifice and into a fluid 
ZSSL deSired '. add,,IOna ' drople,s ma * be de P° si ted in the receptacle or the receptacle aligned with an additional 
jetting tube for receiving an additional reagent fluid. 

f^ 2 rpnrnHl e h, dVan,a9e 0 !^ e present invention is ^ P™™* ™nute Quantities of reagent fluid may be dispensed 
in a reproducible manner. Additionally, the method and apparatus may be used to emit droplets of fluids having a wide 
range of reagent fluid viscosities and surface tensions. Tne reagents do not in genera, have to be sSy adapted 
for use with the present invention. »t«waiiy auipiea 

™ * ? h 6 i n yr ti0n i! Se ' f ' t09e,her Wi,h ,Urther ° bjeCtS and anendant ^vantages, will best be understood by ref- 
erence to the following detailed description, taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] 

mnrnn.1 1^^, represen,ation °' a ,irst P refe "*d embodiment of the present invention showing the use 
of multiple jetting heads to meter and dispense reagent fluid. 

nrnop S I" 3 pe ; SpeC,ive view of a ,irst pre,erred embodiment of the jetting head of the present invention, 
the confact pfns 3 remoTed P6rSPeC,iVe ^ ° f embodiment of Fi 9' 2a ,aken al °ng «nes 2b-2b with 
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FIGURE 2c is a sectional representation of the preferred embodiment of Fig. 2a taken along lines 2c-2c. 
FIGURE 2d is a sectional representation of the preferred embodiment of Fig. 2c taken along lines 2d-2d 
FIGURE 2e is a sectional representation of the jetting tube and transducer of the preferred embodiment of Fiq 2b 
taken along lines 2e-2e. 

FIGURE 3 is a schematic representation of a system operating in the drop on demand mode as a reagent printing 
systern. 

FIGURE 4 is a schematic representation of a system operating in the continuous mode as a reagent printing system 
FIGURE 5a is a schematic representation of a portion of the jetting head control unit showing the LED strobe circuit 
FIGURE 5b is a schematic representation of a portion of the jetting head control unit showing the hiqh voltaae 
power supply circuit. a 

FIGURE 5c is a schematic representation of a portion of the jetting head control unit showing the print control circuit 
FIGURE 5d is a schematic representation of a portion of the jetting head control unit showing a portion of the print 
pulse generator. y 

FIGURE 5e is a schematic representation of a portion of the jetting head control unit showing an additional portion 
of the pulse generator. 

FIGURE 6a is a perspective view of a second preferred embodiment of the jetting head of the present invention 
FIGURE 6b is an exploded view of the preferred embodiment of Fig. 6a. 

FIGURE 7 is a sectional representation of a third preferred embodiment of the jetting head of the present invention 
FIGURE 8 is a sectional view of a symmetrical portion of a fourth preferred embodiment of the jetting head of the 
present invention. a 

FIGURE 9 is a graph of the drop mass of the emitted droplets as a function of emission frequency for several fluid 
viscosities. • 

FIGURE 1 0 is a graph of the velocity of the emitted droplets as a function of frequency for several fluid viscosities 
fluid 1 1 ' S 3 9faPh °' t0,al We ' 9hl °' flU ' d emitte<j aS 3 ,UnCti0n ° f the nUmb6r ° f emit1ed dr °P |ets ,or a 9 iven 



DETAILED D ESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0030] Turning now to the drawings. Fig. 1 shows a schematic representation of a reagent dispensing system gen- 
erally represented as reference numeral 30. The dispensing system 30 comprises a plurality of reagent fluid reservoirs 
200 a plurality of filters 300, a plurality of reagent jetting heads 400, a plurality of jetting head control units 500 an 
interface unit 600, a computer 700, transportation unit 902, a plurality of fluid mixing cells 904 and a detection station 
906. 

[0031] The reservoir 200 holds a selected quantity of reagent fluid for dispensing. The reservoir 200 is maintained 
at atmospheric pressure by suitable means such as an atmospheric vent. The reagent fluid is transferred from the 
reservoir 200 through the filter 300 to the reagent jetting head 400. The filter 300 is placed between the reservoir 200 
and the jetting head 400 to ensure that any particular foreign matter in the reagent fluid is trapped before entering the 
jetting head 400. 

l f^ 2 K- 7,16 P,Ufality ° f jet,ing heads 400 and tne detec «° n station 906 define a processing path. Each jetting head 
400, which is described in detail below, ejects uniformly sized droplets 2 of reagent fluid. The droplets 2 are propelled 
with controlled velocity and direction, towards a selecting mixing cell 904 or receptacle which are not a print medium 
positioned along the processing path by the transportation unit 902. The mixing cells 904 are comprised of non-reactive 
material and function as minute holding tanks for the dispensed reagent fluid. 

[0033] The plurality of jetting heads 400. shown in Fig. 1, are positioned sequentially along the processing path 
Alternately, some or all of the plurality of jetting heads 400 may be positioned with respect to the transportation unit 
902 such that the heads 400 direct the droplets 2 into a selected mixing cell 904 simultaneously. 
[0034] The jetting heads 400 and the transportation unit 902 are controlled by the computer 700. The computer 700 
issues commands to an interface unit 600 which is electrically connected to the transportation unit 902 and to the jetting 
head control unit 500. The interface unit 600 is of conventional design and is used to control the transfer of information 
between the computer 700 and the jetting control unit 500. The interface unit 600 is also used to control the transfer 
of information between the computer 700 and the transportation unit 902. 

£« 35 I A fifSt embodimem of tne reagent jetting head is shown in Figs. 2a - 2e and generally represented by numeral 
400. The jetting head 400 comprises a two piece symmetrical housing 402. 404. The housing 402, 404 when assem- 
bled, is adapted to form an orifice aperture 406, an air vent and reagent supply channel 410 and a transducer chamber 
403. shown in Fig. 4b. Four screws 408, adapted to respective housing screw apertures 416. hold the housinq 402 
404 in an assembled configuration. 

[0036] The jetting head 400 further comprises a jetting tube 432, a piezo-electric transducer 434 and a reagent fluid 
supply tube 430. The jetting tube 432 defines a tapered orifice 433 at one end and a fluid receiving aperture 431 at 
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the other end for expelling and receiving fluid, respectively. The piezo-electric transducer 434 is cylindrical^ shaped 
and secured concentrically about the mid-region of the jetting tube 432 with epoxy or other suitable means 
[0037] The piezo-electric transducer 434, shown in Fig. 2e, defines a first and second end and comprises a section 
of cylindrical^ shaped piezeo-electric material 435. An inner nickel electrode 437 covers the inner surface of the cylinder 
435. The electrode 437 wraps around the first end of the cylinder 435 a sufficient distance to enable electrical connection 
external to the cylinder 435. 

[0038] A second nickel electrode 436 covers the majority of the outer surface of the cylinder 435. The second elec- 
trode is electrically isolated from the first electrode 437 by an air gap at the face of the second end of the cylinder 435 
and by an air gap on the outer surface of the cylinder 435 near the first end. When an electrical pulse is applied to the 
first and second electrodes 437, 436 a voltage potential is developed radially across the transducer material 435 The 
voltage potential causes the radial dimensions of the transducer 435 to change, which causes the volume defined bv 
the transducer 434 to also change. 

[0039] The jetting tube 432 is positioned in the transducer chamber 403 such that the receiving end 431 extends 
beyond the rearward end of the transducer 434. The receiving end 431 of the jetting tube 432 is inserted into one end 
of a reagent supply tube 430. The supply tube 430 is sealingly held to the jetting tube 432 by concentric teeth 412 
formed by the housing sections 402, 404. The teeth 412 not only seal the supply tube 430 to the jetting tube 432 but 
also, seal the supply tube 430 to the housing 402, 404. ~ ' 

[0040] The second end of the supply type 430 passes through the channel 410 and into a reagent reservoir 200 
The reservoir 200 contains the reagent fluid to be dispensed by the jetting head 400. As the reagent fluid is dispensed 
air is supplied to the reservoir 200 through the channel 410 to prevent the creation of a vacuum in the reservoir 20o' 
The reservoir 200 is releasably attached to the housing 402, 404 and held in place by frictional forces. A reservoir cap 
202 is flexibly attached to the reservoir 200 and adapted such that the cap 202 may be used to secure the opening in 
the reservoir 200 when the reservoir 200 is disengaged from the housing 402, 404. 

[0041] The position of the jetting tube 432 defines the horizontal plane of the jetting head 400. The jetting tube 432 
and the transducer 434 are held in a pre-defined vertical relationship with respect to the housing 402, 404 by means 
of two upper vertical alignment pins 418 and two lower vertical alignment pins 418. The two upper vertical alignment 
pins 418 extend horizontally from the housing section 402 into the transducer chamber 403. Similarly the two lower 
vertical alignment pins 418 extend horizontally from the housing section 404 into the transducer chamber 403 Each 
vertical alignment pin 418 is formed integrally with the respective housing sections 402, 404 
[0042] The jetting tube 432 and the transducer 434 are held in a predefined horizontal relationship with respect to 
the housing 402. 404 by means of four horizontal alignment pins 424. Two of the horizontal alignment pins 424 extend 
horizontally from the housing section 402 approximately midway into the transducer chamber 403. Similarly two of the 
horizontal alignment pins 424 extend horizontally from the housing section 404 approximately midway into the trans- 
ducing chamber 403. Each horizontal alignment pin 424 is formed integrally with the respective housing section 402 
404. The alignment pins 41 8, 424, sealing teeth 412 and orifice aperture 406 are aligned and adapted to hold the Jetting 
tube 432 and transducer 434 such that the orifice 433 of the jetting tube 432 extends into the orifice aperture 406 
[0043] An electrical transducer activation pulse is supplied to the piezo-electric transducer 434 from the jetting head 
control unit 500 by means of two contact pins 422. A quantity of fluid will be dispensed from the jetting tube for each 
applied activation pulse. The activation pulse can be produced by a variety of conventional circuits or commercially 
available units. Therefore a detailed description of such a circuit will not be provided. However, a circuit for producing 
a series of activation pulses is provided in the description of the system below. Due to the differing constraints involved 
in dispensing, the circuit in the printing system is not required to produce only a single pulse. However, one skilled in 

lon^! C °^ ld ' * deS ' red ' m ° dify the Circu " t0 produce a single pulse on demand ,or use in the dispensing embodiment 
[0044] Each contact pin 422 defines an enlarged head 423 which is adapted to contact the respective first and second 
electrodes 437, 436 located on the outer surface of the transducer 434. Two contact pin holders 414, integral with the 
housing 402, 404, are positioned to hold the respective contact pins 422 under the pin heads 423 such that each pin 
head 423 electrically engages the appropriate electrode 437, 436 of the transducer 434. Two contact pin engaqinq 
posts 420 extend from the housing 402, 404 opposite the contact pin holders 41 4 to engage and hold the contact Dins 
422 against the contact pin holders 41 4. The ends of the contact pins 422 opposite the pin heads 423 extend through 
the housing 402, 404 by means of contact pin apertures 421 . Since the housing sections 402, 404 are formed sym- 
metrically to one another, the contact pins 422 may be optionally attached above the transducer 434 
[0045] In operation, the reservoir 200 containing reagent fluid is fastened to the jetting head 400 such that the fluid 
supply tube 430 extends into the reagent fluid. The filter 300 may be fitted to the free end of the supply tube 430 or 
positioned inside the reservoir 200. Air is supplied through the channel 410 around the supply tube 430 to prevent the 
reservoir 200 from falling below atmospheric pressure. The air is prevented from entering around the supply tube 430 
and into the transducer chamber 403 by the seal created between the sealing teeth 412 and the supply tube 430 The 
jetting tube 432 may be primed by slightly pressurizing the reservoir 200 to cause the reagent fluid to travel through 
the supply tube 430 and into the jetting tube 432. Once primed, the fluid is prevented from substantially withdrawing 
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from the jetting tube 432 by the surface tension of the reagent fluid at the orifice 433. 

[0046] The transducer activation pulse is conducted to the contact pins 422 of the jetting head 400. The contact pins 
422 communicate the high voltage pulse to the electrodes 437, 436 of the transducer 434 with polarity such that the 
concentrically mounted transducer 434 expands. The rate of expansion is controlled by the rise time of the high voltage 
pulse which is preset to generate a rapid expansion. The expansion of the transducer 434 causes the jetting tube 432 
which is epoxied to the transducer 434. to also expand. The expansion of the tube 432 generates an acoustic expansion 
wave interior to the tube 432 which travels axially towards the orifice 433 and towards the fluid receiving aperture 431 
When the expansion wave reaches the orifice 433, the reagent fluid is partially drawn inwardly. However, the surface 
tension of the fluid acts to inhibit substantial inward fluid movement. 

[0047] When the expansion wave reaches the end 431 of the tube 432, the expansion wave is reflected and becomes 
a compression wave which travels towards the center of the piezo-electric tube 434. The high voltage pulse width is 
adapted such that when the reflected compression wave is beneath the piezo-electric tube 434, the high voltage pulse 
falls, resulting in a de-expansion of the transducer 434 and the jetting tube 432. This action adds to the existing acoustic 
compression wave in the interior of the jetting tube 432. The enhanced compression wave travels toward the orifice 
causing reagent fluid to be dispensed from the tube 432. The fluid is propelled from the orifice 433 as a small droplet 
2 and deposited in the selected mixing cell 904 positioned by the transportation unit 902. One droplet 2 is dispensed 
for each transducer activation pulse. This mode of dispensing is referred to as the drop on demand mode 
[0048] In some instances, the droplet 2 may be accompanied by at least one smaller satelite droplet. However even 
if satelite droplets are present, the volume and velocity of the reagent droplets 2 are highly reproduceable This repro- 
duceab.lity allows for precise dispensing of uniform, controllably sized droplets 2 of reagent fluid into the mixing cell 904 
[0049] The droplets 2 of reagents impact the mixing cell 904 with sufficient force and volume to cause fluidic mixing 
of the reagents. Once the desired amounts of the selected reagents are deposited in the selected mixing cell 904 
m.xing cell 904 is transported to the detection station 906 where the mixed reagents may be extracted for use or 
analyzed for assay results. 

[0050] The dispensing system 30 provides numerous advantages based upon the ability of the reagent jetting head 
400 to rapidly and reproduceably eject uniform quantities of a wide range of reagents. The reaction times of some 
chemical processes are dependent upon the volume of the reagents used. The ability of the dispensing system 30 to 
dispense such minute amounts of reagents thereby reduces the processing time of certain chemical assays Further- 
more, some chemical assays require a wide range of dilution ratios. Many conventional dispensing systems are unable 
to dispense the reagents in volume small enough to make the desired assay practical. The dispensing system of the 
present invention overcomes this disadvantage. 

[0051] A printing system 10 is represented in Fig. 3. Structure similar in form and function to structure described 
above will be designated by like reference numerals. The printing system 10 comprises a reagent fluid reservoir 200 
a filter 300, a reagent jetting head 400, a jetting head control unit 500, an interface 600, a computer 700, and an x-v 
plotter 800. ' ' 

[0052] The x-y plotter 800 is a commercially available pen plotter, mechanically modified in a conventional manner 
such that the pen is replaced with the jetting head 400. The general operation and structure of the plotter 800 will not 
be described in detail. The plotter 800 accepts commands from the computer 700 thru a standard RS-232 serial inter- 
face contained within the interface unit 600. The plotter 800 processes the commands and produces control signals 
to drive an x-axis motor (not shown) and a y-axis motor (not shown). The x-axis motor is used to position the jetting 
head 400 and the y-axis motor is used to position a drum (not shown) to which the printing target 1 is attached 
[0053] The plotter 800 produces a pen down signal PENDN. This signal is applied to the control unit 500 and indicates 
that the plotter 800 is ready to begin a printing operation. 

[0054] The control unit 500 also receives control signals from the interface unit 600. These signals include signals 
HIGHER*, LOWER' to control the magnitude of the pulse applied to the transducer 434; a reset signal RST to reset 
the control unit 500; and a series of print signals PRT*. The generation of these signals will not be described in detail 
since their production is performed by the conventional interface unit 600. 

[0055] The jetting head 400 and fluid supply system 200, 300 are initialized and operate substantially as described 
above. The jetting head control unit 500, shown in Figs. 5a - 5e comprises a print control circuit 51 0, a pulse generator 
530, a high voltage supply 540, and a strobe pulse generator 560. The control unit 500 also comprises a power supply. 
However, since the power supply is of conventional design it will not be shown or described in detail. 
[0056] The print control circuit 510 receives the pen down signal PENDN from the plotter 800 and comprises a 
transistor Q100, a one-shot circuit U100, two NAND-gates U101. U102, a line decoder multiplexer U107 and four 
inverters U103-U106. The pen down signal PENDN is applied to the base of the transistor Q100 by resistors R100 
R101 and diode D100. The emitter of transistor Q100 is tied to ground and the collector is connected to the + 5 volt 
supply by resistor R1 02. 

[0057] The one-shot U100 comprises inputs A, B and an output Q. The B input of the one-shot U100 is connected 
to the collector of the transistor Q100 and the A input is tied to ground. The time period of the pulse produced by the 
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Sr22 mi™ iS tiet T' m f by 3 reSiSt ° f R1 041 3 variable resis,or 01 05 and a ca P acitor C1 00. The output Q of the 
to NAN ^ nl^ n nr?:^ the , C0, ' eC,0r ° U,PUt °' ,h6 ,ranSiSt0r Q1 00 bv NAND-gate U1 01 and then inverted 

tti^^2JE£" operative t0 produce an adiustable de,ay in ,he application of ,he down 

ESSi ,o?h! , ! ne , deC °. Cle /^^ 7 iS CirCUit6d ,0 ,UnC,i0 " 38 3 3 input AND-gate. The output of the NAND-gate .U102 is 

Z m T^Zll V". U1 °J : the Print signal line PRT * comprising a series of pu,ses ,rom the interfa <» 
unit 600 is applied to the second input; and a jetting head ON/OFF signal from switch S1 is applied to the third input 

U103-U105 .nvert the control signals LOWER*, HIGHER*, and RST signals, respectively. 

EJLIS hi9f l V °'?K 9e SUPP ' y 54 °' Sh ° Wn R9 ' 5b ' pr ° VideS +1 75 vo,,s DC to P roduce a ma *i™" P"'se of + 1 50 
In! , ran l P o 1 So %[\ &9 T )ettin9 h6ad 40 °- 7,16 hi9h VOl,age supp| y 540 com P rises di «*™«al amplifier U12 

R13 connected to the -15 volt supply, and a diode CR6, connected to ground. The reference vol age is combined wrth 

tothetl, n TST 30 ^f 3 '' 6, St9b,e VOlta9e fe,erenCe ,0r ,he amp,i,er U1 2 - The » vol age i appS 
° tna '™ert.ng,nputo^^ 

to ground by a res.stor R12. The amplifier U12, in combination with a feedback Sesistor R10, produces a o!Z slS 
proportonal to the difference of the voltage reference signal and the ground potential 9 

5572L °' r Pl !!' er U12 iS aPP ' ied t0 ,he base 0f ,he ,ransistor 02 whose « connected to the 

+15 volt supply. The s.gnal produced at the emitter of the transistor Q2 is applied to the base of the transistor Q1 

I 8 nn t , J? C . ' S COn " eCted ,0 the +15 VOlta9e SUPP,V thrau 9 h the ^nsformer L1. A diode CR3 connecte 
™ oniric f 2 1 ? imCti0n °' th6 reSiSt ° r R5 and ,he diode CR4 " ™» «or Q1 is b^sed for 
RaTthT^ 

[0061] The transistor Q1 and the transformer L1 form a -flyback* blocking oscillator. Any increase in current supplied 

^TcSsZrT r :Z an inaeaSe 6nergy tranS,6rred ,hr0U9h ,he SeCOnda * windina of tha tranlZ ru 
to mfhfnh ^' t ^ ^ eaSe CUrrent SUPP ' ied bv the transis,or Q1 results in an incr * a se in power available 

nTcZ Z T ° UtP H U \ The d '° deS CR1 ' CR4 f ° rm 3 " Baker clamp " which P™ a "*> "tor Q1 from saturating 
me clamp thereby avoids transistor storage time. «««»imy- 

[0062] The diode CR5 is connected to a multiple pi filter formed by the inductors L3, L2, capacitors C24 C21 C41 
and resistors R29. The multiple pi filter attenuates ripple and switching spikes in the signal supplied to the Uansistor 
2?iXU Pr ° dUCe ^ 9h VOltage 0utput V+ + " A resistor R64 connects the base of the transistor 01 3 to thSe 
S m . a n f n^ 29, ThS b3Se iS a,S ° C ° nneC,ed t0 the Collector of 1,16 transistor Q1 4 by a resistor R65 Th?Z» 

of the transistor Q13 provides a signal HV SENSE which is fed back to the inverting input of the amplifier U12 throuoh 
a resistor R9. The high voltage output V + + is produced at the collector of the transistor Q13. The pC bils ng of 
transistor Q1 3 ,s provded by resistor R64 and the biasing circuit comprising the transistor Q1 4. resistors R67 R66. 

t00 ? 3] ,™? PU,Se 9enerator 530 ' shown in Fias - ^ So- comprises an opto-isolator U1 8, a one-shot U23 a digital to 

ZZ mat o 9 , SUPf ! f 10 opt °- isolator U1 8 °V a iu-nper JMP between contact points E5. E6. The opto- 
isolato U18 is of convent.onal design and comprises a light emitting diode (LED) circuit and a photo-element circurt 

no^ tor r i5 r ratesa v he ,oad resistor,or,he 

U23 whose time constant is adjustably determined by resistors R38, R25 and a capacitor C30 The pulse from the 
non-inverting output of the one-shot U23 is fed to the base of a transistor Q9. A resistor R39sete the £p Znl 

DC s^aMevel ' ^ ** * ^ *** ^ ,he CMOS si 9 nal ,evel ^ZTsZ 

[0064] The control of the rise and fall rates of the pulse generator 530 is accomplished by directing a pair of current 
source transistors Q11, Q12 to charge and discharge a capacitor C57. The transistor Q11 is operative as a source o 
~ ha — istor Q12 is operative as a sink for current. A transistor Q10 controls the ^ Tof the current by 

JET™ n PP o 0Pr,a,e b ', aS CUfrent thr ° U9h 3 fesiSt0r 056 10 ,he base of tna transist ° f OH - Tne biasing of thelran- 
sistors Oil. Q12 is critical to the proper rise and fall rates. Therefore precision voltage references CR13 CR15 are 

CR14°^ 

?H 2!* ! R55> R54 ,0 ma,ntain Stab,e operation of ,he transistors 01 1 , Q1 2, respectively The variable 

resistors R49, R52 may be used to adjust the fall time and rise time, respectively, of the output pulse applfed to^e 
reagent jetting head 400. A plurality of resistors R45, R46, R47, R48. R49, R51 , R52, R53, R56 R57 R58 abused 
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to properly bias the transistor Q10, Q11, Q12 and capacitors C55, C60 are circuited to maintain stability of the circuit 
[0065] The impedance of the output stage of the rise and fall circuitry Q1 0, Q1 1 , Q1 2 is very high. With such a high 
impedance, circuit elements attached to the capacitor C57 could affect the linearity of the rise and fall time constants 
Therefore, an FET input operational amplifier U32 is used as an impedance interface. The amplifier U32 is configured 
in the noninverting mode and circuited with capacitors C58, C59 for stability. 

[0066] The output of the amplifier U32 is applied to an inverting amplifier U31 by means of a resistor R62. The 
amplifier U31 inverts and conditions the pulse control signal with the aid of resistors R59, R60. Resistors R61 R63 
connected to the -15 voltage supply, provide a means for adjusting the DC level offset of the amplifier U31 output 
signal. Capacitors C51 , C52 are connected to enhance the performance and stability of the circuit. 
[0067] The output of the amplifier U31 is applied by means of a resistor R41 to the positive voltage reference signal 
input REF( +) of the D/A converter U30. The negative voltage reference signal input REF(-) is tied to ground by a 
resistor R40. The D/A converter U30 produces output signals IOUT, IOUT* which are proportional to the difference 
between the positive and negative voltage reference signal inputs REF(+), REF(-). Capacitors C48, C49, C50 are 
connected to the D/A converter U30 to enhance stability. 

[0068] The D/A converter outputs IOUT, IOUT* are also proportional to an 8-bit binary value applied to inputs B1 -B8 
The binary value is supplied by the counters U24, U25 which are controlled by the function signals LOWER* HIGHER* 
and RST. The LOWER* signal and the HIGHER* signals are applied to the count up and count down inputs CU CD 
of the counter U24 by means of opto-isolators U 1 9, U20. The carry and borrow outputs CY, BR of the counter U24 are 
connected with the count up and count down inputs CU, CD of the counter U25. The reset inputs RST of both counters 
U24, U25 receive the RST signal by means of an opto-isolator U21 . Resistors R1 6, R1 7, R1 8 are used as load resistors 
for the LED circuits of the isolators U1 9, U20, U21 and capacitors C26, C27, C28 are used to enhance the stability of 
the isolator circuits. 

[0069] The counters U24, U25 may optionally be preloaded to the selected 8-bit binary value through input lines 
TP0-TP7. The input lines TP0-TP7 are normally biased to the logical high signal state by resistive network U22 The 
selected binary value is loaded into the counters U24, U25 by pulling the respective inputs TP0-TP7 low and applying 
an external, active low, load signal EXT LOAD to pin TPS. The load signal pin TPS is connected to the load inputs 
LOAD of the counters U24, U25 and conditioned by a clipping circuit comprised of diodes CR9, CR10 and a duII-ud 
resistor of the resistor network U22. 

[0070] The noninverted and the inverted outputs IOUT, IOUT* are connected to the inverting and non-inverting inputs 
of a differential amplifier U29. The output of the amplifier U29 is fed back to the inverting input by a resistor R50 The 
amplifier U29 converts the current output of the D/A converter U30 to a voltage output. Capacitors C56 C47 are 
provided to enhance circuit stability. 

[0071] The output of the amplifier U29 is applied to the noninverting input of the amplifier U28 The output of the 
amplifier U28 is fed back to the inverting input by means of a capacitor C46 and a resistor R37. The inverting input is 
also connected to ground by a resistor R36. To enhance the frequency response of the amplifier U28, a resistor R43 
and a capacitor C54 are connected between the frequency compensation input FC and ground. An adjustable DC 
offset is provided by connecting the output offset inputs OF, OF with a variable resistor R42. The wiper of the resistor 
R42 is connected to the high voltage power supply output V+ +. 

[0072] The output of the amplifier U28 is also connected to the base of a transistor Q4 and through diodes CR1 1 
CR12 to the base of a transistor Q7. The transistor 04, 07, 03 and resistors R30-R35 form an output circuit capable 
of driving high capacitive loads at high slew rates and wide bandwidth. The variable resistor R31 may be used to set 
the maximum current through the bias network R30, R33 by measuring the voltage drop across resistor R35 
[0073] The strobe generator 560 produces a strobe pulse and comprises transistors Q1 01 -01 05 and a one-shot 
circuit U108. The strobe intensity is determined by the circuit comprising the transistors Q101-Q104 and resistors 
R109-R115. The circuit is connected to the anode of the LED 900 and receives two inputs from the interface unit 600 
to produce four levels of light intensity in the LED 900. 

[0074] The activation aand duration of activation of the LED 900 is determined by the one-shot U1 08 and the transistor 
Q105. The one-shot U108 comprises inputs A, B and an output Q. The strobe signal STROBE is applied to the B input 
from the interface unit 600. The duration of the one-shot U1 08 output pulse is controlled by the adjustable RC network 
R1 07, R1 08. The output Q is applied to the base of the transistor Q1 05 by resistor R108. The collector of the transistor 
Q105 is connected to the cathode of the LED 900 to draw current through the LED 900. 

[0075] The computer 700, control unit 500 and plotter 800 must be initialized. The initialization of the computer 700 
and the plotter 800 will not be discussed since these units are of conventional design and operation. 
[0076] To initialize the jetting head control unit 500, the computer 700 directs the interface unit 600 to issue a reset 
command. The reset signal RST is conducted to the control unit 500 whereupon the counters U24, U25 are cleared 
The computer 700 then retrieves from its memory, or by conventional operator input, the desired digital setting for the 
D/A converter. This setting may also be calculated from data and may be tailored to specific sizes of jetting heads 400 
or reagent fluids. The computer 700 then issues a series of commands, through the interface unit 600, to increment 
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or decrement the counters U24, U25 to correspond to the desired binary setting. If the command directs that the 
counters are to be raised, then the HIGHER* signal is applied through the opto-isolator U20 to the count up CU input 
of the counter U24. Similarly, if the command directs that the counters are to be lowered then the LOWER* signal is 
applied through the opto-isolator U19 to the count down CD input of the counter U24. Since the carry and borrow 
outputs CY, BR of the counter U24 are connected to the count up and count down inputs CU, CD, respectively of the 
hoTmoc 25 ' !!ll di9ital Settin9 apP " ed 10 ,he D/A COnverter U30 ma * ran 9 e from 0 10 255 - Alternately, the counters 

cvt, ' n ' t,aliZed t0 3 d6Sired Settin9 by loadin 9 the binarv va,ue on the lin es TP0-TP7 and strobing the 

txi LOAD line. 

[0077] Once the control unit 500 and the plotter 800 are initialized, the printing cycle may begin, "me computer 700 
issues a command to the interface unit 600 to produce the series of PRT* signal pulses. The computer 700 then 
commands the plotter 800 to print, for example, a line along a selected path. The plotter 800 positions the jetting head 
400 and target 1 and issues the pen down signal PENDN. The signal is delayed by the print control circuit 51 0 to ensure 
that the target 1 is properly positioned. At the expiration of the delay, the signal is ANDed with the closed enable switch 
SI and the series of print pulses PRT*. The result of the AND operation is the application of the PRT* pulses to the 
pulse generator circuit 530. y 
[0078] The PRT* signal is applied through the jumper JMP to the opto-isolator U18 and then to the one-shot U23 
The one-shot U23 produces a pulse signal which is then converted from CMOS signal levels to the 15 volt DC signal 
level by the transistor Q9. The rise and fall circuitry comprising Q1 0, Q1 1 , Q1 2 converts the square wave pulse into a 

^ Z Z^r , IE fa " f aracteristics P reset b * lhe resistors R52. The conditioned pulse is then amplified 
by the amplifier U32 and applied to the amplifier U31. 

[0079] The amplifier U31 converts the polarity of the conditioned pulse to that acceptable by the D/A converter U30 
and supplies an adjustable DC offset. The DC offset is used to counteract possible distortion attributable to the amplifier 
U31. The distortion arises in that, for the amplifier U31 to be adequately responsive, a small degree of current must 
flow through the resistor R41 . This current creates an offset condition at the output of the amplifier U29 which is then 
scaled by the D/A converter U30 in correspondence with the binary data. The resistor R63 allows a small amount of 
current to be appl.ed to the amplifier U31 to control the offset voltage attributable to the current flowing through the 

JS?. ,.^ e ° /A n c ° nverte ; U30 thedifference between the inputs REF(+), REF(-) using the binary data supplied 

n T ™ ,x. . ? P 3 ° Urrent ° U,pUt PUlSe l0UT and a current inverted P ulse 'OUT*. The two outputs 
IOUT IOUT are fed to the amplifier U29 which convert the current outputs into a single voltage output. The scaled 
conditioned pulse is then applied to the output circuit comprising the amplifier U28 and the transistors Q3 Q4 Q5 Q6 
07. The circuit produces a high voltage pulse with the aforementioned rise and fall characteristics to drive the piezo- 
electric transducer 434. K 

[0081] The high voltage pulse is applied to the transducer 434 and causes a droplet 2 of fluid to be propelled onto 

Inn T ' JTn!! 16 d °. Wn Si9nal PENDN iS S,i " appliedl additional dr °P' e,s 2 are P roduced *°m the jetting head 
400. The plotter 800 moves the jetting head 400 and target 1 along the desired path during the emission of the droplets 

P^nM a UC H fh h ''I? Pri " ted Hne - Whe " the Printi " 9 iS C ° mplete ' the pl0tter 800 removes th * down signal 
PENDN and the droplet em.ss.on stops. Of course it should be understood that dots, circles and the like could be 
produced by appropriate positioning of the target 1 and jetting head 400. 

I0 !??k ^ e . Si ! e and uni ' ormit y of ,he dr °P |ets 2 - as w e" as the presence of any satelite droplets, may be observed 
with the aid of the scope 950 and the LED 900. The scope 950 and the LED 900 are positioned such that the droplets 

JUL /TTcn 950 and ,he LE ° 900 and ™ mn ,he ,ocal ra "9 e of ,he sc °P e 950 The strobe pulse when 
applied to the LED 900 causes the LED 900 to momentarily flash. The timing of the activation and the width of the 
pulse may be adjusted such that the flash occurs when the fluid, expelled in response to the high voltage pulse is 
between the scope 950 and the LED 900. The dispensed quantity of fluid may then be observed in flight or at or near 
the momement of separation from the orifice 433. Corrections based on the observation may then be made to the 
system i u. 

[0083] Since each droplet 2 is small in volume, the droplet 2 may be rapidly absorbed by the target 1 , thereby allowing 
ap* and precise placement of a variety of reagents on the target 1 with reduced drying time and reduced potential of 
fluidity mixing. In addition, the ability to place small droplets 2 in a precise manner enables the target 1 to be printed 
in a high density matrix with a variety of reagents as isolated matrix elements 

[0084] In some printing applications, particularly when printing fluids of flow viscosity and surface tension, it may be 
desirable to force the fluid through the jetting tube 432 under pressure and allow the vibrations produced by the trans- 
ducer 434 to break the emitted fluid stream into precise droplets 2. Under this mode of printing, the emission of droplets 
2 can not be stopped by cessation of the tranducers activation pulse. It is therefore necessary to prevent fluid emission 
by other means. One preferred means of momentarily stopping emission of the droplets is shown schematically in Fiq 
4 In th,s arrangement, structure similar to structure represented in Fig. 3 in form and function, is represented by like 
reference numerals. 



9 



EP 0 268 237 B2 

[0085] The arrangement, generally represented by the numeral 20, includes a closed reagent recirculation system 
comprising a normally close three way valve 970, a sump 960 and a recirculation pump 980. In the continuous mode 
the reagent fluid is forced out the orifice 433 by hydraulic pressure and broken into a series of substantially uniform 
droplets 2 by movement of the transducer 434. A regulated, filtered air supply 100 is used to pressurize the reagent 
fluid reservoir 200. The reagent fluid within the reservoir 200 may optionally be agitated by a magnetic stirer unit 990 
This is especially useful for reagent fluids comprising suspended particles. 

T 861 , J? If 1 '! 9 '?* V3lVe 970 com P rises a common channel, a normally open channel and a normally closed 
channel. The fluid is forced through the filter 300 and applied to the normally closed channel of the valve 970 When 
the normaHy closed channel is closed, the normally open channel of the valve 970 functions as a vent for the reagent 
jetting head 400. The common channel is connected to the reagent supply tube 430 of the jetting head 400. The reagent 
supply tube 430 is also connected to the sump 960. 

[0087] In operation, the normally closed channel is opened by an appropriate signal supplied by the computer 700 
which also closes the normally open channel. When the normally closed channel is opened, fluid is permitted to pass 
to the sump 960 and to the jetting head 400. The sump 960 collects the reagent fluid not transferred to the jetting head 
400. The sump 960 supplies the collected fluid to the inlet side of the recirculating pump 980 which returns the fluid to 

™«i 6 T re,Umed ' ' Uid iS ,hen mixed wi,h ,he contents of the reservoir 200 is available for recirculation 

[0088] When operating in the continuous mode, rather than interrupt the continuous stream of print pulses to the 
jetting head 400, the printing may be momentarily stopped by closing the normally closed channel of the valve 970 

ShST : no : ma " y ! :'° Sed Channe ' St0pS the ,low of reaaent ,luid 10 tne ) ettina head 400 and allows the jetting 
head 400 to vent to atmospheric pressure. With the fluid supply blocked, the transducer 434 is unable to expel further 
drop ets 2. Thus, if positioning of the target 1 by the plotter 800 requires a longer time interval than the time between 
droplet 2 emission, the computer 700 may close the normally closed channel of the valve 970. The plotter 800 may 
then position the target 1 or position a new target 1 as desired. V 
[0089] When printing, the active ingredient of the reagent is tailored to achieve a desired concentration per unit area 
on the target 1 . However, to a certain extent the final concentration per unit area can be adjusted by varying the density 
of the droplets 2 printed on the target 1 . The printing system is particularly well suited to this application due to its ability 
to print precise, discrete pels of reagent. 

SUS it S6C « nd P refar ^ d n . embodiment of the jetting head is illustrated in Figs. 6a-6b and is generally represented 
as 400 . The jetting head 400' comprises housing formed into three sections 401 ', 402', 403'. The housing section 403' 

^Z^gl^S. ,0fmS ^ rea96nl f ' Uid 20 °' Wh6n th6 h ° USin9 S6Cti0n 4 ° 3 ' is P° si,ioned 

SHUL 71! T? h l ad , 400 ' <Urther comprises a Piezo-electric transducer 434' and a reagent jetting tube 432' similar 
to those of the first embodiment. The jetting head 400' and the transducer 434' are most clearly shown in Fig 6b The 
jetting tube 432 defines an orifice 433' at one end and a reagent fluid receiving aperture 431' at the other end' The 
™™ C V , ,S !T 0lJnted t0 the jetti " 9 tUbe 432 ' concentrically about the mid-region of the tube 432' with epoxy. 
[0092] The transducer 434' and the jetting tube 432' are positioned in channels 420', 41 8', 41 6' located in the housing 
sec tons 402 401 . The channel 416' comprises a plurality of sealing teeth 412' operative to engage and seal against 
the . fluri recennng end 43 of the jetting tube 432'. The channe. 41 6' is connected to the reagent fluid supply channe 
430 The supply channel 430' is connected with the fluid reservoir 200' by means of an aperture 431' through the 
housing section 402', shown in Fig. 6b. H inrougn tne 

[0093] The reservoir 200' comprises a flexible reservoir lining 201' adapted to contain the reagent fluid. The lining 
201 comprises one aperture which is connected to the housing 402' to allow the fluid to pass from the lining 201' A 
ven (not shown), located in the housing 403', allows the space between the reservoir 200' and the lining 201' to be 

ZE! °\ rTf Z6d ,' A ,il,Sr 30 °' iS t 30 **™* 6 Withi " the aperture 202 ' ,0 tra P unwanted Palate foreign matter 
1 1 ] , I T P S6S 3re SUPP " ed 10 ,he ,ransducer 434 ' by means of two contact pins 422'. The pins 422' are 
inserted through respective apertures 419' of the housing section 402' and respective apertures 421' of the housino 
section 403'. Two thin electrically conductive strips 410', 411', shown in Fig. 6b are used to onnect theTansduTer 
434 with the contact pins 422'. A protective shield 405' extends from the housing position 403' to partially isdate the 
protruding portions of the contact pins 422'. t»»««y isoiaie me 

[0095] The function and operation of the jetting head 400' is similar to that of the jetting head 400 and therefore will 
not be discussed ,n detail. The collapsible inner lining 201 ' of the reservoir 200 allows the jetting tube 432' to be orimed 
by pressuring the reservoir 200' through the vent 205'. Once primed, the jetting head 400' may be used as described 
above in reference to the jetting head 400. oescriDea 

SlJfLJ^ jetti " 9 11 head , 40 f 0 ' P rovides an advantage in that the entire fluidic system is contained in one housing 
mnQr r 8 „ ° r ?* and emCient re P ,acement of »» J«""0 heads without fluid contamination problems 

E„ Tlf embodiment of the jetting head is shown in Fig. 7 and generally represented as 400" The 

nS Z- TT* 5 & M9 ^ 3 rea96nt ,luid SUpP ' y ,Ube 406 "' a transducer 434" and an 

onfice plate 404". The housing 403" defines a conically shaped fluid chamber 432". An orifice plate 404", defining Z 
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iZZTw t0 ^ h ° USin9 403 ' SUCh ,hat ^ ° ri,iC6 433 " iS '° Ca,ed at ° r " ear the apeX °' the conical fluid 

SU5 . ^ ,,Uid J e !f tUbe 4 ° 6 ' iS att3Ched t0 ,he h0USin9 403 " and defines a SU PP'V channel ^ supply 
SITJ t h' S In h ,lu ' d j c ° m 7 nicati0n with the fluid chamber 432" by means of a connecting channel 431'. The base 
SiSL TfTo. I" ,0fmed by disc " sha P ed tra ^ d "cer 434". The transducer 434" is held in position by a 
hold down .plate 402" attached to the housing 40^ The electrical connections to the 

SX?400- Sh ° Wn ' h0USi " 9 403 " ' Urther COmPfiSeS 3 ' hreaded aP6rtUre 406 " ,0r m0Untin 9 the 

h^?? h6 f d 40 °" ° P6rateS in 3 mannef Similar t0 ,he jetti "9 heads described ab ° va - However, in this 
jetting head the transducer 434" is normally disk shaped. When the electrical pulse is applied the transducer 

oHh S ! l,9h i!r:. ,hereby al,erin 9 the volume °< tna -nically shaped jetting chamber 432'. ^e Change TvduTe 
of the chamber 432" causes the expulsion of fluid through the orifice 433' and the intake of fluid through the supply 
channel 430' as described in reference to the jetting head 400 PP V 

S.°!L£ l° a U H h ^. ,erred embodiment of ' ettin 9 nead is shown in Fig. 8 and is generally represented as 400". 
™! 18 V6ry Sim " ar in f ° rm and ,unc,ion ,0 the iettin 9 nead 400 and wi » ** ^ described in detail 

ISnilno 4 H° mPr,SeS tW0 ^ mme,rical housi "9 sections. The sections may be connected together by means 

cnanneUI 0'" SaeWS ' ^ aSSembled> h ° USing SeCti ° nS 4 ° 4 "' 402 "' form a ^peS supply 

[01 01] In operation, the jetting head 400" functions in a manner similar to the jetting head 400. The jetting head 400" 
IISTS « w' ■ ^ con,inuous modei but mav a,so 06 used in drop on demand mode.lnS? Srtinuous 
a^VmJrt^T C ° ntinU0USly ,hr ° U9h the SUpply Channel 430 " allowin 9 the jetting tube 432" to withdraw 

a3LL y rZ°Ji S H ratin9 t 8n i W " h "° limi,a,i ° nS int6nded the ,0 "° Win9 in,0rmation is 9'ven to further illustrate the 
™lt% ° mbodim f ts - com P u ter 700 is an IBM Corporation Personal Computer with 640 kbytes of RAM 
memory The mterface un.t 600 isaBurr Brown interface unit model number PC 20001 . The plotter 800 is manufactured 

ZSEZiTT 33 T B 1 nUmb6r DMP - 4 °- C « ica « on ^tween the plotter 800 and the inteZe unTeoo 
is performed through a standard asynchronous serial communication port 

i 0 r, 1 ^mLI h l e ! : eCtriCa, PU ! S ! aPP ' ied t0 ,hS i6tting h6ad 400 10 activate ,he tra "sducer 434 comprises a rise time of 
aPP 7 T% > • 3 f t,me ° f approximate| y 5 use cs and a pulse width of approximately 35 usees. When the 

T^hZZ ,S Tf d ^ dr ° P ° n d6mand m ° de ' ,he V0,,a9e pote " tial ° f »• Pulse is 60 volts plus or minus 
0 vote and the pulse frequency can be up to 4 khz. When the transducer 434 is operated in the continuous mode 

mS TllUS?* \TT Se 18 3 ? V0 ' tS P ' US ° f m ' nUS 10 V0 ' tS and the pulse fre 9 u ency can be up L 10 khz ' 
[0104] The jetting tube 432 is manufactured from a pyrex glass tube and measures 0,6858 mm ( 027 inches) outside 

tepered end .s then cut and ground to a desired orifice opening of 0,0508 to 0,1 01 6 mm (.002 to .004 inches) in diamete" 
cleaned in acetone. After being cleaned and dried the large end of the tube is fire polished. If desired, the orifice end 
m« IT f T7l a ^-J SUCh 38 3 h y draphobic Po'^er, to enhance droplet separation from the tube 
[0105] The supply tube 430 is formed from 0,5842 mm (.023 inch) inside diameter and 9,652 mm ( 38 inch) outside 

uL^Tr: T 9 produced by in,ramedic corp - as modei ^ *• oJ££$zzsi 

of the tub ng ,s stretched over a warm tapered mandrel. The stretched end of the supply tube 430 is then inserted over 

50X Tr 10 miles ** ^ ^ * ften ^ ™ ^ in 3 ' * 

S^?!-!« anSdUCer 434 7 S . PUrChaS6d ,r0m Vernitron of C,eve,and " 0hi0 as mode ' n^ber PZT-5H. The elec- 
trodes 437 436 are compnsed of nickel and are separated from each other on the outer surface of the transducer^ 

a L p Z ma I y 0,762 mm J 030 inches) - The Jet,ing tube 432 is inserted into tha c y ,indri <= a ' PteteH^tSST^ 

ZZHSX?" r nU, f^ U ?K by EP0XV TeChn0,09y ° f Be " eriCa ' Mas ^ h ^etts as model number 301 . The epoxy 
s apphed at the junct.on of the tube 432 and transducer 434 with a syringe. The epoxy flown along the tube 432 inside 

cureTelSoxy ^'"^ aC,i ° a ^ ' 8 th6n ^ in 3 air ovan a « ^ ^on^ *hS to 

[0107] The contact pins 422 are secured to one of the housing sections 402, 404 with a drop of epoxy The transducer 
jetting tube 434, 432 is placed in the housing such that the orifice end 433 of the tube 43^ ^protmdls ^ppSatel 

the^sd ce^T^ 

mZOTt , k Z SU Z 3 S6CUre e ' eCtriCal connection - E PO^ ^ also applied to the junction of the housing 402 

^ Jl PP,y ,Ub8 4301 17,9 0ther sec,ion of nousin 9 402, 404 is then screwed into place 

EI5 H P6riP l! ery ° f the h ° USing 4 ° 2, 404 iS sealed with a capil,ar y sealer sucn a « cyclohexanone. Epoxy is then 

o a ratTx. pin 422 and around the ori,ice end 433 - The assembiy is — * a «^rs 
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[01 09] The filter 300 is formed from a polyester mesh with 20 urn pores and positioned in a polypropylene housing 
The air pressure supplied to the reservoir 200 during continuous printing operations is regulated at approximately 6 897 
x 1 0 4 N/ m 2 to 20,697 x 1 0 4 N/m 2 (1 0 to 30 psi). ~ ' 

[01 10] The reagents used have the following characteristics: 



Printing (drop on demand mode): 


Fluid viscosity range 
Fluid surface tension 


1 - 30 centipoises 
20 - 70 dyne/cm 



Printing (continuous mode): 


Fluid viscosity range 
Fluid surface tension 


up to 50 centipoises 
not measured 



Dispensing (drop on demand mode): 



Fluid viscosity range j 2 - 30 centipoises 
Fluid surface tension j 20 - 70 dyne/cm 



[0111] A measure of the performance and selected operating characteristics for a typical jetting head are presented 
in Figs. 9-1 1 . Fig. 9 is a graph of the mass of a droplet as a function of droplet emission frequency for three fluids The 
viscosity of the fluids were 1 . 5 and 24 centipoise and the transducer excitation pulse width was 35 microseconds As 
shown in Fig. 9, the higher fluid viscosity results in a more stable operating performance of the jetting head Fig 1 0 is 
a graph of droplet velocity as a function of droplet emission frequency for fluid viscosities of 1, 5 and 24 centipoise 
The log of the total fluid weight as a function of the log of the number of droplets emitted is shown in Fig 11 The fluid 
used had a viscosity of 2 centipoise, a surface tension of 20 dynes/cm, and a density of .8 grams/cc The transducer 
excitation pulse was 80 volts and the excitation frequency was approximately 711 Hz. 

!»1 12] u S ° me b '° 0d typi " 9 rea 9 ents and some aller 9en reagents have very low viscosities and surface tensions 
Although .n some cases viscosity modifiers, such as glycerol, dextran, glucose, and the like, may be added to increase 
the viscosity, a few reagents are adversely affected by such modifiers. 

[01 13] Developing stable and reproduceable demand mode jetting is difficult with very low viscosities. Although drop- 
let emission can be established at some fundamental frequencies, the droplets dispensed may have small satelite 
droplets which reduce the accuracy for metering and dispensing applications. However, even with the satelite drops 
S5? nt ' eagent is adec * ua, ely delivered for most print applications without a substantial decrease in print quality. ' 
[0114] Glycerin may be used as a viscosity modifier to improve jetting reliability and to prevent obstruction of the 
onf.ce ansing from evaporation of the reagent fluid components. Glycerin has been found especially beneficial for those 
reagents containing particulate material. The evaporation of the fluid component results in a concentration of glycerin 
located at the orif.ce. The plug of glycerin substantially prevents further evaporation of the reagent fluid During the 
next activation cycle of the transducer, the plug of glycerin is expelled from the orifice. 

[0115] When operating in the dispensing mode the volume of the droplets can be varied to substantially uniformly 
r«T«, n T 100 pic °- |i,ers t0 1 micr °- |iter - droplets can be produced at a rate of approximately 1 khz to 8 khz 
[01 16] The values, manufacturer and manufacturing part number of the circuit components of the jetting control unit 
500 are substantially as follows: 
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Ref. Numeral 
of Component 

R39, 45-48,57, 

58 
R66 
R3 
R34 
R50 

Ri3,23,36.40, 

41 
R56 

R8 
R6 

R7, 12,25 
R67 

R51,53 

R29 

R61 

R15-18, 26-28, 

54,55.64 
R62 

R30,33 

R21 

R19 

R35 

R43 

R60 

R37 

R9 

Rll 

U2, 11, 14, 16,22 

C21,41,4S 

C24 

CIO 

Cl,2,3,55,60 

C53 

C36 



Description 
end Value 



RES . 10KOHMJ,WATTS%C . F . 
RES . 1500HMJ»WATT5?;C . F . 
RES . 15KO»flsWATT5*;C . F . 
RES . 16KOHM»WATTSr,'C . F . 
RES . 2 . 4K0HMljWATTl! e >; . F . 

RES . 2 . 4KOHM3jWATT5%C . F . 
RES . 20KOHM%WATT5\C . F . 

RES . 2200HKJ,WATT5?.C . F . 
RES . 270HM1WATT5SC . C . 
RES . 2KOHMjWATT5%C . F . 
RES3 . 6K0HMi|WATT5%C . F . 
RES. 3. 9KOHIflaWATTS;;C . F . 
RES . 300KOHMi WATTSJiC . F . 
RES . 3 OKOHMJ»WATT1?£K . F . 

RES . 4 . 7K0HM3jWATT5?;C . F . 
RES . 45 . 3KOHMfcWATTl~M . F . 
RES . 470HM I WATT5%C . F . 
RES . 4700HMJ»WATT5%C . ? . 
RES . 47KOHM*WATTS%C . F . 
RES . 5100HM*WATTS%C . F . 
RES . 6 . 2 KOHM^W ATT 5 %C . F . 
RES . 7 . 5KOHH%WATT5?£C . F . 
RES . 75KOHra*WATT5%C . F . 
RES . 76K0HW I WATT1%M . F . 
RES . 8200HMJ,WATT5%C . F . 
RES. DIP NETWRK. 47KOHM 
CAP . AXI ALIMF025OVDC 
CAP . AX I A L2 2 OMF<§>2 5 OVDC 

CAP. AXIAL ALUM ELEC. 

4700 OMF@25VDC 
CAP. RADIAL DIPPED TANT. 

10MF925VDC 
CAP. RADIAL DIPPED TANT. 

1MP935VDC 
CAP. RADIAL DIPPED TANT. 

47WF01OVDC 



Manufacturer 
and Part No. 



DALE RL079242G 



DALE RL079303G 



DALE RN55D4532F 



DALE RN60D7682F 

CT9 761-1R47K 
MALLORY #TC56 
MALLORY 

LP2219250C7P3 
MALLORY 

TCG472U02SNIC 
KEMET 

T35OE106M025AS 

T3SOA105K035AS 
KEMET 
T35OH566M010AS 
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Ref. Numeral 
of Component 

C54 

C57 

C49 

C39 

C6 

C30,35,37 
C4.7 



C4.5.6, 
22,23 

C31-34, 
47.48 

C56.58, 



9,11-19. 
,25-28 
37,42,43 
, 50-52 
59 



C46 

CR7,8,9,10, 
11,12,17 
CR1,2,3,4 
CR5 

CR6,13,15 

CR14,16 

U6. 13,15,17 

Q2;9,12 

Q8.10.ll 

0.4 

Q7 

Ql 

Q3.14 

Q13 

U5.27 

U23,26 

U7-10 

U30 

U24,2S 

U28 

Ul 

U4 

U3 

U12, 29. 31,32 
U18. 19,20,21 
R24, 42,63 
R38,49,52 
R20 

R14,31 



Description 
and Value 

CAP. RADIAL SILV MICA 

100PF300VDC 
CAP. RADIAL SILV MICA 

20PF300VDC 
CAP. RADIAL SILV. MICA 

39PF300VDC 
CAP. RADIAL X7R MLC 

. 015MF&50VDC 
CAP. RADIAL X7R MLC 

. 022MF050VDC 
CAP. RADIAL ZSU MLC 

. 015MF050VDC 
CAP. RADIAL 25U MLC 

.01MF@50VDC 
CAP. RADIAL 25U MLC 

•22MF05OVDC 



CAP. VARI .2-12PF. 
DIODE SIL. 

DIODE SIL. FAST 

DIODE SIL.FASTHIVCLT 

DIODE SIL.REF.2,500VDC 

DIODE SIL.ZENER3.87.25WATT 

SWITCH 8 POSITION DIP 

TRANSTOR. COMMON NPN 

TRANSTOR . COMMON PNP 

TRANSTOR . HI VOLTHI FREQ . NPN 

TRANSTOR . HI VOLTH I FRZQ . PNP 

TRANSTOR. HI VOLTHI INPN 

TRANSTOR. HI VOLTNPN2N3 43 9 

TRANSTOR. HI VOLTPNP 

IC 1-SHOT 74HC221 

IC 1-SHOT 74LS221 

IC COMPARATOR 74HC688 

IC CONVERTER DAC0800 

IC COUNTER 74BC193 

IC HI SLEW HI VOLT OP AMP 

IC HYBRID DC/DC CONVERTER 

IC OC DRIVER SN7406 

IC OCTAL LATCH 74HC374 

IC OP AMP LF256 

IC OPTO ISOLATOR 

POT100KOHM%WATT10% 
POTlOKOHMfcWATTlOX 

POT25KOHM*WATT10* 
P0T2K0HM%WATT1 0% 



Manufacturer 
and Part No. 

KAHGAN 

SD5101J301 
KAHGAN 

SP12200J301 
KAHGAN 

SP12390J301 
KEMET 

C31SC102K1R5CA 
KEMET 

C31SC223K5R5CA 
KEMET 

C315C153K5R5CA 
KEMET 

C315C103KSR5CA 
KEMET 

C322C224M5U5CA 



JOHANSEN #9626 
ITT. FAIRCHLD . 1N4148 

GENL. INST. EGP10D 
GENL . INST . UF4007 
NATL. SEMI-LM3852-2 . 5 
MOTOROLA 1N4622A 
CTS 206-8 
MOTOROLA 2N2222A 
MOTOROLA 2N2907A 
MOTOROLA MPSU10 
MOTOROLA MPSU60 
TI. MOTOROLA! I P48 
MOTOROLA 2N3439 
MOTOROLA MJE5731 
NATL. SEMI MM74HC22IK 
NATL. SEMI DM741S221K 
NATL. SEMI MM74HC688K 
NATL. SEMI DACOSOOLCh 
NATL. SEMI MM74HC193K 
BURR-BROWN 3584JM 
BURR-BROWN MODEL 724 
NATL. SEMI DM7406N 
NATL. MM74HC374N 
NATL. SEMI LF256H 
HEWLTT-PCKRD HCPL23C 
BOURNS 3622-1-104 
BOURNS 3622W-1-103 
BOURNS 3622W-1-253 
BOURNS 3622W- 1-202 
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Ref. Numeral 
of Component 

vai 

RIO 
R2 , 4 
R32 
R44 
Rl 

R5,R22 
R55 
R59 
R100 

R101, 108 
R102, 103 

106, 109, 110 
R104 
R10S 
R107 

Rill. 113 
R112 

R114, 115 
ClOO 
C108 
DlOO 

Q100, 105 
Q101, 102 
0103, 104 

uioo,uioa 

CJ103, 104 
105,106 

uioa 



RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 



Description 
and v'alue 

JULAT0R 5VDC 

• IKECOS'HjWATTS^C . F. 
. 1 . 2K0KKJiWATT5£C • F . 

• 1 • 6KOEHVWATT5%C . F .' 
. 1 . SKOE'Si WATTS %C . F .' 

• 10KEGOSSaWATT5XC. c . 
. 100EKJjWATT5%C . F . 
. 1OOKOE05WATT5%C . F. 
. IOKOHT-BsWATTIVH. F . 
•2700EM 
. 470OEM 
. 1X0HM 



RES . 47000KH 

POT.100KOHM 

POT. 10KOHM 

RES.220OHM 

RES.220KM 

RES. 470HH 

CAP.10KF035 7PC 

CAP.1QC00 ?F 

DIODE • 

TRANSTOR 

TRANSTOR 

TRANSTOR 

IC I-SHOT 

IC INVZRTOR 

IC LINE DECODER 



Hanufa'cturer 
and Part No. 

NATL. LM340T-5 . 0 



DALE RN55D1002F 



1N4148 

21X2222 

2N3906 

2N3S04 

74LS123 

74LS04 

74LS138 



0117] Of course, ,t should be understood that a wide range of changes and modifications can be made to the pre- 
ferred embodiments described above. For example, the transducer could be of a type other than piezo elect ic such 
as magneto-stnctive. electro-strictive, and e.ectro-mechanical. It is therefore intended that the foregoSg dS « de 
sermon be regarded as illustrative rather than limiting, and that it be und 

all equ.valents, which are intended to define the scope of this invention including 

^LiredTJ^fht JIT men T d in ° laim ^ ,0 " 0Wed by referenCe Si 9 ns ' re,erenc * ^ve 
been ncluded |ust for the sole purpose of increasing intelligibility of the claims and accordingly, such reference sions 

do not have any limiting effect on the scope of each element identified by way of example ^V^nc^ 



Claims 

1 ' ^nn n° S,i n aPPar3 ! US C °T isin 9 a posing system emitting uniform, controllably sized droplets in the range 
of 1 00 p.co-l.ters to 1 micro-liter of a wide variety of diagnostic reagent fluids, the system comprising: 

a jetting chamber (432) defining a volume and comprising a first and second aperture (431 433) the first 
aperture (431 ) adapted to receive a diagnostic reagent fluid, the second aperture (433) defining an orifice- 
an electro-acoustjc transducer (434) in mechanical communication with the jetting chamber (432) the trans- 
ducer (434) being operative alternately to expand and de-expand the volume of the jetting chamber (432) in 
response to a selected electrical pulse, thereby alternately creating an acoustic expansion wave and Vcom- 
S°433)r f ' Uid ' me C ° mpreSSi0n WaV6 being sufficient t0 emit a dr °P' et ° f fluid through the 
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means (500) for generating a number of electrical pulses sufficient to cause a desired quantity of the fluid to 
be dispensed said generating means (500) being adapted for generating electrical pulses causing the volume 
defined by the jetting chamber to expand by an amount sufficient to intake a small quantity of the reagent 
supply; " 

means (530) for varying the characteristics of the pulses, wherein the characteristics are selected from the 
group consisting of rise time; rise time and fall time; rise time, fall time and width; or rise time, fall time width 
and amplitude; 

at least one additional jetting chamber (432) in fluid communication with an additional diagnostic reagent fluid- 
at least one additional transducer (434) in mechanical communication with the additional jetting chamber (432)' 
at least one additional means (500) for applying an electrical pulse of predetermined characteristics to the 
additional transducer; 

means (530) for generating respective numbers of electrical pulses sufficient to cause precise quantities of 
the diagnostic reagent fluids to be dispensed in a desired volumetric ratio; and 
a receptacle (904) adapted for and positioned to receive the fluids. 

- means (530) for varying the characteristics of said pulses, wherein said characteristics are selected from the 
group consisting of rise time; rise time and fall time; rise time, fall time and width; or rise time, fall time width 
and amplitude, 

- at least one additional jetting chamber (432) in fluid communication with an additional diagnostic reagent fluid 

- at least one additional transducer (434) in mechanical communication with the additional jetting chamber (432) ' 

- at least one additional means (500) for applying an electrical pulse of predetermined characteristics to the 
additional transducer; 

- means (530) for generating respective numbers of electrical pulses sufficient to cause precise quantities of 
the diagnostic reagent fluids to be dispensed in a desired volumetric ratio; and 

- a receptacle (904) adapted for and positioned to receive the fluids. 

The diagnostic apparatus according to claim 1 , characterized In thatone of the diagnostic reagent fluids comprises 
serum and in that the jetting chambers (432) cooperate such that the other diagnostic fluid is emitted in a manner 
to contact and mix with the serum. 

The diagnostic apparatus according to one or more of claims 1 to 2, characterized in that the jetting chamber 
(432) comprises a cylindrical tube (435) and in that the transducer (434) is mounted concentrically about said 
cylindrical tube. 

4. The diagnostic apparatus according to one or more of claims 1 to 2, characterized in that the jetting chamber 
(432) is conically shaped. 

5. The diagnostic apparatus according to one or more of claims 1 to 2, characterized in that the jetting chamber 
(432) comprises at least one chamber wall (435) which is integrally formed with the transducer (434). 

The diagnostic apparatus according to one or more of claims 1 to 3, characterized in that the transducer (434) 
is disc shaped and forms the base of the conically shaped jetting chamber (432). 



3. 



6. 



7. 



The diagnostic apparatus according to one or more of claims 1 to 6, characterized In that the orifice (433) com- 
prises an end face which is coated with a hydrophobic polymer. 

The diagnostic apparatus according to one or more of claims 1 to 5, characterized in that the transducer (434) 
is cylindrical^ shaped and comprises a first electrode (437) located on the inner wall of the cylinder (435) which 
wraps around one end of the cylinder (435); and in that a second electrode. (436) is located substantially on the 
outer wall of the cylinder (435) and is electrically isolated from the first electrode (437). 

The diagnostic apparatus according to one or more of claims 1 to 8, characterized in that the apparatus further 
comprises means (902) for directing or deflecting the emitted diagnostic fluid(s) along a desired path. 

10. The diagnostic apparatus according to one or more of the preceding claims, characterized in that it further com- 
prises means (906) for detecting the results of a reaction between the diagnostic reagent fluid and the additional 
diagnostic reagent fluid. 



8. 



9. 



16 



EP 0 268 237 B2 



11. The diagnostic apparatus according to one or more of the preceding claims, characterized in that the jetting 
chamber (432) is made of glass. 

12. The diagnostic apparatus according to one or more of claims 1 to 11, characterized in that it further comprises 
a collaps.ble reservoir (200) of diagnostic reagent fluid in fluid communication with the first aperture (431) of the 
jetting chamber (432), whereby capillary action at the orifice (433) produces a pressure differential between the 
interior and exterior of the reservoir (200) upon emittance of a droplet from the jetting chamber (432). 

13. A method of effecting a diagnostic test with a diagnostic apparatus according to one or, more of the preceding 
claims of the type including a receptacle, the method comprising the steps of: 

(a) positioning the receptacle relative to the orifice (433) of the jetting chambers (432), each of which defines 
a volume, an orifice and an aperture (410) for receiving diagnostic reagent fluid; 

(b) alternately expanding and de-expanding the volumes of the jetting chambers (432) by said electro-acoustic 
ransducer means (434), thereby alternately creating an acoustic expansion and compression wave in the 
fluids, the compression wave being sufficient to emit said droplets through the respective orifices (433)- 

(c) generating electrical pulses; '' 

(d) applying the generated electrical pulses to said transducer means (434); 

(e) allowing the emitted droplets to be received in the receptacle and 

and (0 repeating steps (a) through (d) until said precise quantities of said diagnostic reagent fluids have been 
dispensed, wherein 

step (c) further comprises varying electrical characteristics of said pulses, selected from a group con- 
sisting of nse time; rise time and fall time; rise time, fall time and width; or rise time, fall time, width and am- 
plitude, until the emitted droplets of said reagent fluids are of a predetermined and a substantially uniform size. 

14. A method of effecting a diagnostic test with a diagnostic apparatus according to one or more of Claims 1 to 12 of 
the type including a receptacle, the method comprising the steps of: 

(a) positioning the receptacle relative to the orifice (433) of the jetting chambers (432), each of which defines 
a volume, an orifice and an aperture (41 0) for receiving diagnostic reagent fluid; 

(b) pressurizing the reagent fluids into the jetting chambers (432); 

(c) alternately expanding and de-expanding the volume of the jetting chambers (432) by electro-acoustic trans- 
ducer means (434) thereby alternately creating an acoustic expansion and compression wave in the fluids 
such that to break the pressurized fluid stream into droplets; 

(d) generating electrical pulses; and 

(e) applying the generated electrical pulses to said transducer means (434), wherein said step (d) further 
comprises varying electrical characteristics of said pulses, selected from a group consisting of rise time; rise 
time and fall time; rise time, fall time and width; or rise time, fall time, width and amplitude 



Patentanspruche 
1 



Eine Diagnosevorrichtung mil einem Verteilersystem zum AusstoB von gleichformigen Tropfchen regelbarer Grofle 
in einem Bereich von 1 00 Pikoliter bis 1 Mikroliter einer groBen Vielfalt von diagnostischen Reagenzflussigkeiten 
wobei das System folgendes umfasst: 

eine Spruhkammer (432), die ein Volumen bestimmt, und die eine erste und zweite Offnung (431 433) besitzt 
wobei die erste Offnung (431) zur Aufnahme einer diagnostischen Reagenzfltissigkeit ausgebildet ist und die 
zweite Offnung (433) eine Mundung bildet; ^ 016 

einen eleWroakustischen Wandler (434) in mechanischer Verbindung mil der Spruhkammer (432), wobei der 
Wandler (434) betabgbar ist, urn wechselweise in Abhangigkeit von einem ausgewahlten elektrischen Impuls 
das Volumen der Spruhkammer (432) zu vergrSBern und zu verringem, wodurch wechselweise eine akusti- 
sche Expansions- und Kompressionswelle in der Fliissigkeit erzeugt wird, wobei die Kompressionswelle aus- 
reicht, urn den AusstoB eines Tropfchens der Fliissigkeit durch die Mundung (433) zu bewirken- 
em M.ttel (500) zur Erzeugung einer Anzahl von elektrischen Impulsen, die ausreichend sind, urn 'zu bewirken 
dass eine erwunschte Menge der Fliissigkeit verspruht wird, wobei das Erzeugungsmittel (500) ausgebildei 
ist. urn elektrische Impulse zu erzeugen, die bewirken, dass das von der Spruhkammer bestimmte Volumen 
urn eine GroBe expandiert wird, die ausreichend ist, urn eine geringe Menge der Reagenzzufuhr anzusaugen- 
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ein Mittel (530) zur Veranderung der Charakteristika der Impulse, wobei die Charakteristika aus einer Gruppe 
ausgewahlt werden, die aus der Anstiegszeit; Anstiegszeit und Abfallszeit; Anstiegszeit, Abfallszeit und Breite- 
Oder Anstiegszeit, Abfallszeit, Breite und Amplitude bestehen; 

zumindest eine zusatzliche Spruhkammer (432) in Flussigkeitsverbindung mit einer zusatzlichen diagnosti- 
schen Reagenzflussigkeit; 

zumindest einen zusatzlichen Wandler (434) in mechanischer Verbindung mit der zusatzlichen Spruhkammer 
(432); 

zumindest ein zusatzliches Mittel (500) zur Anlegung eines elektrischen Impulses mit vorherbestimmten Cha- 
rakteristika an den zusatzlichen Wandler; 

ein Mittel (530) zur Erzeugung einer entsprechenden Anzahl von elektrischen Impulsen, die ausreicht urn 
genaue Mengen der diagnostischen Reagenzflussigkeiten. die verspruht werden sollen, in einem erwunschten 
volumetrischen Verhaltnis zu erzeugen; und 

einen Behalter (904), der dafur ausgebildet und angebracht ist, urn die Flussigkeiten aufzunehmen. 

Die Diagnosevorrichtung nach Anspruch 1. dadurch gekennzeichnet, dass eine der diagnostischen Reagenz- 
flussigke.ten Serum umfasst, und dadurch, dass die Spriihkammern (432) derart zusammenwirken, dass die an- 
dere d.agnostische Flussigkeit in einer Weise ausgestoBen wird, urn mit dem Serum in Kontakt zu treten und sich 
damit zu vermischen. 

Die Diagnosevorrichtung nach einem Oder mehreren der Anspruche 1 bis 2, dadurch gekennzeichnet, dass die 
Spruhkammer (432) eine zylindrische Rohre (435) umfasst, und dass der Wandler (434) konzentrisch urn die 
zylindrische Rohre angebracht ist. 

Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 2, dadurch gekennzeichnet dass die 
Spruhkammer (432) konisch ist. 

Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 2, dadurch gekennzeichnet, dass die 
Spruhkammer (432) zumindest eine Kammerwand (435) umfasst, die einstuckig mit dem Wandler (434) gebildet ist. 

6. Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 3, dadurch gekennzeichnet, dass der 
Wandler (434) scheibenfdrmig ist und die Basis der konischen Spruhkammer (432) bildet. 

7. Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 6, dadurch gekennzeichnet, dass die 
Mundung (433) eine Endflache umfasst, die mit einem hydrophoben Polymer beschichtet ist. 

8. Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 5, dadurch gekennzeichnet, dass der 
Wandler (434) eine zylindrische Form aufweist und eine erste Elektrode (437) umfasst, die sich an der inneren 
Wand des Zylinders (435) befindet, die ein Ende des Zylinders (435) umschlieBt; und dadurch, dass eine zweite 
Elektrode (436) sich im wesentlichen an der auBeren Wand des Zylinders (435) befindet und von der ersten Elek- 
trode (437) elektrisch isoliert ist. 

9. Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 8, dadurch gekennzeichnet, dass die 
Vornchtung weiterhin Mittel (902) zur Leitung und Ablenkung der ausgestoBenen diagnostischen Fliissigkeit(en) 
entlang eines gewiinschten Pfades umfasst. ' 

10. Die Diagnosevorrichtung nach einem oder mehreren der vorhergehenden Anspruche, dadurch gekennzeichnet 
dass sie weiterhin eine Vorrichtung (906) zur Erfassung der Reaktionsergebnisse zwischen der diagnostischen 
Reagenzflussigkeit und der zusatzlichen diagnostischen Reagenzflussigkeit umfasst. 



4. 



5. 



11 



12. 



Die Diagnosevorrichtung nach einem oder mehreren der vorhergehenden Anspruche, dadurch gekennzeichnet 
dass die Spruhkammer (432) aus Glas gefertigt ist. 

Die Diagnosevorrichtung nach einem oder mehreren der Anspruche 1 bis 11, dadurch gekennzeichnet, dass 
diese weiterhin einen zusammenfaltbaren Behalter (200) mit diagnostischer Reagenzflussigkeit umfasst der in 
Flussigkeitsverbindung mit der ersten Offnung (431) der Spriihkammern (432) steht, wobei die Kapillarwirkung an 
der Mundung (433) ein Druckdifferential zwischen dem Inneren und dem AuBeren des Behalters (200) beim Aus- 
stoB eines Tropfchens aus der Spruhkammer (432) erzeugt. 
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13. Verfahren zur Durchfuhrung eines diagnostischen Tests mit einer Diagnosevorrichtung nach einem Oder mehreren 
der vorhergehenden Anspriiche des Typs, der einen Behalter einschlieGt, wobei das Verfahren folgende Schritte 
umfasst: 

(a) Positionierung des Behalters relativ zur Mundung (433) der Spriihkammern (432), wobei jede ein Volumen 
eine Mundung und eine Offnung (41 0) zur Aufnahme der diagnostischen Reagenzflussigkeit bestimmf ' 

(b) wechseiwe.se VergroGerung und Verringerung des Volumens der Spruhkammern (432) durch ein elektro- 
akustisches Wandlermittel (434), wodurch wechselweise eine akustische Expansions- und Kompressionswel- 
le in den Flussigkeiten erzeugt wird, wobei die Kompressionswelle ausreicht, die Tropfchen durch die entspre- 
chenden Mundungen (433) auszustoGen; 

(c) Erzeugung von elektrischen Impulsen; 

(d) Anlegung der erzeugten elektrischen Impulse an das Wandlermittel (434); 

(e) Zulassung, dass die ausgestoGenen Tropfchen in den Behalter aufgenommen werden' und 

(f) Wiederholung der Schritte (a) bis (d), bis die genauen Mengen der diagnostischen Reagenzflussigkeiten 
verspruht sind; 

wobei 

Schritt (c) weiterhin die Veranderung der elektrischen Charakteristika der Impulse umfasst die aus einer 
Gruppe ausgewahlt sind, die aus Anstiegszeit; Anstiegszeit und Abfallszeit; Anstiegszeit, Abfallszeit und Breite- 
oder Anstiegszeit. Abfallszeit, Breite und Amplitude bestehen, bis die ausgestoGenes Tropfchen der Reagenzflus- 
sigkeit eine vorherbestimmte und im wesentlichen gleichformige GroGe besitzen. 

14. Verfahren zur Durchfuhrung eines diagnostischen Tests mit einer Diagnosevorrichtung nach einem oder mehreren 
der Anspruche 1-12, des Typs, der einen Behalter einschlieGt, wobei das Verfahren folgende Schritte umfasst: 

(a) Positionierung des Behalters relativ zur Mundung (433) der Spruhkammern (432). wobei jede ein Volumen 
eine Mundung und eine Offnung (41 0) zur Aufnahme der diagnostischen Reagenzflussigkeit bestimmf ' 

(b) Druckbeaufschlagung der Reagenzflussigkeiten in die Spruhkammern (432); 

(c) wechselweise VergroGerung und Verringerung des Volumens der Spruhkammern (432) durch das elektro- 
akustische Wandlermittel (434), wodurch wechselweise eine akustische Expansions- und Kompressionswelle 
in den Flussigkeiten erzeugt wird. so dass der unter Druck stehende Flussigkeitsstrom in Tropfchen aufqe- 
spalten wird; a 

(d) Erzeugung von elektrischen Impulsen; und 

(f) Anlegung der erzeugten elektrischen Impulse an das Wandlermittel (434); wobei Schritt (d) weiterhin die 
Veranderung der elektrischen Charakteristika der Impulse umfaGt, die aus einer Gruppe ausgewahlt sind die 
aus Anshegszeif Anstiegszeit und Abfallszeit; Anstiegszeit, Abfallszeit und Breite; oder Anstiegszeit Abfalls- 
zeit. Breite und Amplitude besteht. 



Revendfcations 



1. 



Appareil de diagnostic comprenant un systeme de distribution emettant des gouttes de taille uniforme contrdlable 
dans une plage de 100 picolitres a 1 microlitre, d'une large gamme de fluides reactifs de diagnostic, le systeme 
comprenant : * 

une chambre de jet (432) definissant un volume et comprenant des premiere et seconde ouvertures (431 
433) la premiere ouverture (431 ) etant concue pour recevoir un fluide reactif de diagnostic, la seconde over- 
ture (433) definissant un orifice ; 

un transducteur electro-acoustique (434) en communication mecanique avec la chambre de jet (432) le trans- 
ducteur (434) fonctionnant en alternance pour dilater et comprimer le volume de la chambre de jet'(432) en 
reponse a une impulsion electrique selectionnee pour ainsi creer en alternance une onde de dilatation acous- 
tique et une onde de compression acoustique dans le fluide, I'onde de compression etant suffisante pour 
emettre une goutte dudit fluide au travers de I'orifice (433) ; 

un moyen (500) pour generer un certain nombre d'impulsions electriques qui suffit pour provoquer la distribu- 
t.on d-une quantite souhaitee du fluide, ledit moyen de generation (500) etant adapte pour generer des impul- 
sions electriques qui ont pour effet que le volume defini par la chambre de jet se dilate d'une valeur suffisante 
pour permettre I'admission d'une petite quantite de I'alimentation en reactif ; 

un moyen (530) pour faire varier les caracteristiques des impulsions, les caracteristiques etant selectionnees 
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dans le groupe comprenant le temps de croissance ; le temps de croissance et le temps de chute ; le temps 
de croissance, le temps de chute et la largeur ; ou le temps de croissance, le temps de chute, la largeur et 
I'amplitude ; 

au moins une chambre de jet supplemental (432) en communication de fluide avec un fluide reactif de 
diagnostic supplemental ; 

au moins un transducteur supplemental (434) en communication mecanique avec la chambre de jet sud- 
plementaire (432) ; 

au moins un moyen supplemental (500) pour appliquer une impulsion electrique presentant des caracteris- 
tiques predeterminers au transducteur supplemental ; 

un moyen (530) pour generer des nombres respectifs d'impulsions electriques qui suffisent pour provoquer 
la distribution de quantites precises des fluides reactifs de diagnostic selon un rapport volumetrique souhaite ; 
et 

un receptacle (904) concu pour recevoir les fluides et positionne a. cette fin. 

2. Appareil de diagnostic selon la revendication 1, caracterlse en ce que I'un des fluides reactifs de diagnostic 
comprend du serum et en ce que les chambres de jet (432) cooperent de telle sorte que I'autre fluide de diagnostic 
soit emis de maniere k etre en contact avec le s6rum et a se ntelanger avec. 

3. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 2, caracterlse- en ce que la chambre de jet 
(432) comprend un tube cylindrique (435) et en ce que le transducteur (434) est monte de facon concentrique par 
rapport audit tube cylindrique. 

4. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 2, caracte>ls6 en ce que la chambre de jet 
(432) est de forme conique. 

5. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 2, caracterlse' en ce que la chambre de jet 
(432) comprend au moins une paroi de chambre (435) qui est formee d'un seul tenant avec le transducteur (434). 

6. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 3, caracte>is6 en ce que le transducteur 
(434) est en forme de disque et il constitue la base de la chambre de jet de forme conique (432). 

7. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 6, caracterlse en ce que I'orifice (433) 
comprend une face d'extremite qui est revetue d'un polymere hydrophobe. 

8. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 5, caracterlse en ce que le transducteur 

(434) est de forme cylindrique et comprend une premiere electrode (437) situee sur la paroi interne du cylindre 

(435) qui s'enroule autour d'une extremite du cylindre (435); et en ce qu'une seconde electrode (436) est situee 
sensiblement sur la paroi externe du cylindre (435) et est isolee electriquement de la: premiere electrode (437). 

9. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 8, caracterlse en ce que .I'appareil comprend 
en outre un moyen (902) pour diriger ou devier le ou les fluides de diagnostic emis selon un chemin souhaite. 

10. Appareil de diagnostic selon une ou plusieurs des revendications precedentes, caracterlse en ce qu'il comprend 
en outre un moyen (906) pour detecter les resultats d'une reaction entre le fluide reactif de diagnostic et le fluide 
reactif de diagnostic suppl§mentaire. 

11. Appareil de diagnostic selon une ou plusieurs des revendications precedentes, caracterlse en ce que la chambre 
de jet (432) est realisee en verre. 

12. Appareil de diagnostic selon une ou plusieurs des revendications 1 k 11, caracterlse en ce qu'il comprend en 
outre un reservoir demontable (200) contenant du fluide reactif de diagnostic, en communication de fluide avec la 
premiere ouverture (431) de la chambre de jet (432) et ainsi, une action de capillarity au niveau de I'orifice (433) 
produit un differential de pression entre I'intirieur et I'exterieur du reservoir (200) suite k remission d'une aoutte 
depuis la chambre de jet (432). 

1 3. Procede de mise en oeuvre d'un test de diagnostic k I'aide d'un appareil de diagnostic selon une ou plusieurs des 
revendications precedentes du type incluant un receptacle, le procede comprenant les etapes de : 
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(a) positionnement du receptacle par rapport a I'orifice (433) des chambres de jet (432) dont chacune definit 
un volume, un orifice et une ouverture (410) pour recevoir du fluide reactif de diagnostic ; 

(b) dilatation et compression en alternance des volumes des chambres de jet (432) par un moyen de trans- 
ducteur electro-acoustique (434), d'ou la creation ainsi en alternance d'une onde de dilatation acoustique et 
d'une onde de compression acoustique dans les fluides, I'onde de compression suffisant pour emettre lesdites 
gouttes au travers des orifices (433) respectifs ; 

(c) generation d'impulsions electriques ; 

(d) application des impulsions electriques generees audit moyen de transducteur (434) ; 

(e) octroi de I'autorisation aux gouttes 6mises d'etre recues dans fe receptacle; et 

(f ) repetition des etapes (a) a (d) jusqu'a ce que lesdites quantites precises desdits fluides reactifs de diagnostic 
aient et6 deiivrees, 

dans lequel retape (c) comprend en outre une variation des caracteristiques electriques desdites impulsions 
choisies parmi un groupe comprenant un temps de croissance; un temps de croissance et un temps de chute ; un 
temps de croissance, un temps de chute et une largeur ; ou un temps de croissance, un temps de chute, une 
largeur et une amplitude, jusqu'a ce que les gouttes emises desdits fluides reactifs soient d'une taille predetermin6e 
sensiblement uniforme. 

14. Procede de mise en oeuvre d'un test de diagnostic a I'aide d'un appareil de diagnostic selon une ou plusieurs des 
revendications 1 a 12 du type incluant un receptacle, le proc6de comprenant les etapes de : 

(a) positionnement du receptacle par rapport a I'orifice (433) des chambres de jet (432) dont chacune detinit 
un volume, un orifice et une ouverture (410) pour recevoir du fluide reactif de diagnostic ; 

(b) pressurisation des fluides reactifs dans les chambres de jet (432); 

(c) dilatation et compression en alternance du volume des chambres de jet (432) au moyen d'un moyen de 
transducteur eiectro-acoustique (434), d'ou la creation ainsi en alternance d'une onde de dilatation acoustique 
et d'une onde de compression acoustique dans les fluides de maniere a rompre le flux de fluide pressurise 
en gouttes. 

(d) generation d'impulsions electriques ; et 

(e) application des impulsions electriques generees audit moyen de transducteur (434), 

dans lequel ladite 6tape (d) comprend en outre la variation des caracteristiques electriques desdites impul- 
sions choisies parmi un groupe comprenant un temps de croissance ; un temps de croissance et un temps de 
chute ; un temps de croissance, un temps de chute et une largeur ; ou un temps de croissance, un temps de chute, 
une largeur et une amplitude. 
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FIG.5d 
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FIG.5e 
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